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Description 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to a novel furoisoquinoline derivative which has a phosphodiesterase (PDE) IV- 
inhibiting effect and which is useful as a prophylactic or therapeutic agent against the inflammatory diseases, for ex- 
ample, bronchial asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease, 
diabetes and the like and process for producing the same and use thereof. 

10 BACKGROUND ART 

[0002] It is known in these days that a large number of hormones and neurotransmitters function to increase or 
decrease the intracellular level of cyclic adenosine-3\5'-monophosphate (cAMP) which is an intracellular second mes- 
senger, whereby regulating the cellular functions. The intracellular cAMP level is regulated by synthesizing and deg- 

15 radating enzymes. Thus, cAMP is produced by adenyl cyclases and degradated by phosphodiesterase (PDE). These 
degradating enzymes also regulate the degradation of cyclic guanosine-3',5'-monophosphate. 
[0003] Seven isozymes of the PDE have been found so far [Physiological Reviews, Vol.75, p725 (1 995), Endocrine 
Reviews, Vol. 1 6, p370, (1 995)], and each functions, in various cells such as those in central nervous system, circulatory 
organs, respiratory organs, digestive organs, genital organs, blood cells and tracheal smooth muscles, to regulate 

20 intracellular cAMP and cGMP levels, whereby controlling the cellular functions. It is also known that in an inflammatory 
cell such as an eosinophile, neutrophile, monocyte, T-lymphocyte and macrophage a PDE isozyme referred to as PDE 
type-IV exists predominantly [Clinical and Experimental Allergy, Vol.22, p337 (1992)]. 

[0004] Pharmaceuticals, which can broadly be classified into three groups, are employed as therapeutic agents 
against a bronchial asthma. Thus, the three types including bronchodilators (for example, p-adrenaline receptor ago- 

25 nists), antiinflammatory agents (for example, corticosteroids) and xanthine derivatives having both of the bronchodi- 
lating effect and antiinflammatory effect (for example, theophylline) are employed. Among these, theophylline has been 
employed as a therapeutic agent against asthma for a long time. Theophylline is becoming more interesting in these 
days since its bronchodilating effect has been found to be derived from a PDE-inhibiting effect. However, theophylline 
is a non-selective PDE inhibitor and sometimes exhibits a cardiovascular side effect. Then, its blood level should strictly 

30 be controlled to reduce the side effect. Accordingly, a medicament for treating an inflammatory disease such as asthma 
which inhibits the PDE type-VI selectively and which has no effects on other isozymes of the PDE is desired. 
[0005] A study indicating a possibility that a PDE type-IV-selective inhibitor is an effective therapeutic agent against 
an inflammatory disease such as asthma was reported [Pulmonary Pharmacology, Vol.7, p1 (1994)]. Thus, it was 
suggested that a PDE type-IV-selective inhibitor has the both of an antiinflammatory effect and a bronchodilating effect 

35 and may exhibit a therapeutic effect on an inflammatory disease such as asthma. In fact, compounds having inhibitory 
effects selectively on the PDE type-IV are subjected currently to an extensive development all over the world. For 
example, rolipram (JP-A-50-1 57360) having the structure represented by Formula: 



50 and SB 207499 [The Journal of Pharmacology and Experimental Therapeutics, Vol.287, p988 (1 998), Journal of Me- 
dicinal Chemistry, Vol.41, p821 (1998)] represented by Formula: 



45 



40 



CH 3 0 




55 
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are under development. However, any of those listed above has not been employed clinically, and a further useful 
agent is desired to be developed. 

[0006] On the other hand, a method for synthesizing a compound represented by Formula: 



20 




25 

is disclosed in Indian Journal of Chemistry, Section B, Vol.31 B, p578 (1992). 
[0007] Moreover, an antibacterial compound represented by Formula: 



35 




40 j s also disclosed in Indian Journal of Chemistry, Section B, Vol.33B, p552 (1 994). 

[0008] A potent selective PDE type-IV inhibitor having a novel chemical structure Is expected to have a sufficient 
prophylactic or therapeutic effect In a wide range of diseases accompanied with inflammations, and is desired to be 
developed. The objective of the invention is to provide novel heterocyclic compounds which have selective PDE type-l V- 
inhibiting effect and increase the intracellular cAMP level whereby exhibiting bronchodilating and antiinflammatory 

45 effects and which is also excellent in terms of the safety. 

SUMMARY OF THE INVENTION 

[0009] We made an effort and were finally successful for the first time in synthesizing a novel furoisoquinoline de- 
so rivative (hereinafter abbreviated sometimes as Compound (I)) having a partial structure represented by Formula: 



55 
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(wherein each of Ring A, Ring B and Ring C may have substituents, especially a novel furoisoquinoline derivative 
(hereinafter abbreviated sometimes as Compound (I 1 )) 

whose significant chemical structural characteristics are the substituents introduced in the 1-, 2-, 3-, 4-, 5-, 6-, 8-, 
9-positions etc. on the furoisoquinoline backbone, represented by Formula: 



w 



15 




(wherein R 1 is a hydrogen atom, optionally substituted hydrocarbon group, optionally substituted heterocyclic group 
or optionally substituted amino group, each of R 2 and R 3 is a hydrogen atom, optionally substituted hydrocarbon group 

20 or acyl group, and R 2 and R 3 may be taken together with the adjacent carbon atom to form an optionally substituted 
3- to 8-membered ring, R 4 is a hydrogen atom, cyano group, optionally substituted hydrocarbon group, acyl group or 
optionally substituted hydroxy group, R 5 is (1) a hydrogen atom, (2) an optionally substituted hydrocarbon group, (3) 
an acyl group, (4) an optionally substituted heterocyclic group or (5) a halogen atom, each of R 6 and R 7 is a hydrogen 
atom or optionally substituted hydrocarbon group, and R 6 and R 7 are taken together with the adjacent carbon atom to 

25 form an optionally substituted 3- to 8-membered ring, each of R 8 and R 9 is a hydrogen atom or optionally substituted 
hydrocarbon group, X is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, 
Y is an optionally substituted methylene group or carbonyl group and n is 0 to 1 ), or a salt, prodrug or hydrate thereof, 
and discovered that such a compound has, on the basis of its specific chemical structure, an unexpectedly excellent 
phosphodiesterase (PDE) IV-inhibiting effect, and can be used as a prophylactic or therapeutic agent against an in- 

30 flammation-induced disease, for example, bronchial asthma, chronic obstructive pulmonary disease (COPD), rheuma- 
toid arthritis, autoimmune disease, diabetes and the like. We made a further effort based on these findings, and finally 
established the present invention. 
[0010] Thus, the invention provides: 



[1] a compound having a partial structure represented by 
Formula: 



40 




* (A) 

or its salt, 

[2] the compound according to the above-mentioned [1] represented by 
Formula: 



55 
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i (wherein R 1 is a hydrogen atom, optionally substituted hydrocarbon group, optionally substituted heterocyclic 
group or optionally substituted amino group, 

each of R 2 and R 3 is a hydrogen atom, optionally substituted hydrocarbon group or acyl group, and R 2 and 
R 3 may be taken together with the adjacent carbon atom to form an optionally substituted 3- to 8-membered ring, 

R 4 is a hydrogen atom, cyano group, optionally substituted hydrocarbon group, acyl group or optionally sub- 
stituted hydroxy group, 

R 5 is (1 ) a hydrogen atom, (2) an optionally substituted hydrocarbon group, (3) an acyl group, (4) an optionally 
substituted heterocyclic group or (5) a halogen atom, 

each of R 6 and R 7 is a hydrogen atom or optionally substituted hydrocarbon group, and R 6 and R 7 are taken 
together with the adjacent carbon atom to form an optionally substituted 3- to 8-membered ring, 

each of R 8 and R 9 is a hydrogen atom or optionally substituted hydrocarbon group, 

X is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, 

Y is an optionally substituted methylene group orcarbonyl group, 

and n is 0 to 1), 

[3] the compound according to the above-mentioned [2] wherein each of R 2 and R 3 is a hydrogen atom, optionally 
substituted hydrocarbon group or acyl group, R 2 and R 3 are taken together with the adjacent carbon atom to form 
an optionally substituted 3- to 8-membered homocyclic or heterocyclic group, R 4 is a hydrogen atom or optionally 
substituted hydrocarbon group, each of R B and R 7 is a hydrogen atom or optionally substituted hydrocarbon group, 
R 6 and R 7 may be taken together with the adjacent carbon atom to form an optionally substituted 3- to 8-membered 
homocyclic group, Y is methylene group which may have a hydroxy group orcarbonyl group, 
[4] the compound according to the above-mentioned [2] wherein: 

R 1 is any of the following (i) to (iii): 

(i) a C^e alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, C^g cycloalkenyl group, 
C 6 _ 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from the group 
(hereinafter referred to as Substituent Group A) consisting of (1 ) a halogen atom, (2) a alkylenedioxy 
group, (3) a nitro group, (4) a cyano group, (5) an optionally halogenated C^ 6 alkyl group, (6) an optionally 
halogenated C 2 . 6 alkenyl group, (7) an optionally halogenated C 2 . 6 alkynyl group, (8) a C 3 . 6 cycloalkyl 
group, (9) a 

ar y' 9 rou P. 00) an optionally halogenated C^g alkoxy group, (11) an optionally halo- 
genated C^e alkylthio group, (12) a hydroxy group, (13) an amino group, (14) a mono-C^g alkylamino 
group, (15) a mono-C 6 _ 14 arylamino group, (16) a di-C^ alkylamino group, (17) a di-C 6 . u arylamino 
group, (18) an acyl group selected from formyl, carboxy, carbamoyl, C : . e alkyl-carbonyl, C 3 . 6 cycloalkyl- 
carbonyl, C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 
aralkyloxy-carbonyl, (5- or6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^ alkyl-carbamoyl, di-C^g alkyl- 
carbamoyl, Cg_ 14 aryl -carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 
to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, 
c 3-6 cycloalkyl-thiocarbonyi, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, 
C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addi- 
tion to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, 
thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- 
or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from ni- 
trogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C«,.g alkylsulfamoyl, C 6 . 14 
arylsulfamoyl, C^g alkylsulfonyl, Cg. 14 arylsulfonyl, C^g alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^g 
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alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, C-j.g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, (1 9) an acylamino group 
selected from formylamino, C^g alkyl-carboxamido, Cg_ 14 aryl-carboxamido, C^g alkoxy-carboxamido, 
C^e alkylsulfonylamino and C 6 . u arylsulfonylamino, (20) an acyloxy group selected from C^.g alkyl-car- 
bonyloxy, C 6 . 14 aryl-carbonyloxy, C^.g alkoxy-carbonyloxy, mono-C^g alkyl-carbamoyloxy, di-C^g alkyl- 
carbamoyloxy, C 6 . 14 a ry I -carbamoyloxy and nicotinoyloxy, (21) a 4- to 14-membered heterocyclic group 
having, in addition to carbon atoms, 1 to 4 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms, 
(22) a phosphono group, (23) a C 6 . 14 aryloxy group, (24) a di-C^g alkoxy-phosphoryl group, (25) a C 6 . 14 
arylthio group, (26) a hydrazine group, (27) an imino group, (28) an oxo group, (29) an ureido group, (30) 
a C^g alkyl-ureido group, (31) a di-C^g-alkyl-ureido group, (32) an oxide group and (33) a group formed 
by binding 2 or 3 groups selected from (1) to (32) listed above, 

(ii) a 5- to 14-membered heterocyclic group having, in addition to carbon atoms, 1 to 4 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms which may have 1 to 5 substituent(s) selected from 
Substituent Group A described above, 

(iii) an amino group which may have 1 or 2 substituent(s) selected from the following (ia) to (iiia): 
(ia) a hydrogen atom, 

(iia) a alkyl group, C 2 .g alkenyl group, C 2 .g alkynyl group, C 3 . 6 cycloalkyl group, C 3 _ 6 cycloalkenyl 
group, Cg_ 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from 
Substituent Group A described above, 

(iiia) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C^g cycloalkyl- 
carbonyl, C-|.g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, 
C 7 . 16 aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C,.g alkyl-car- 
bamoyl, di-C^g alkyl carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-car- 
bamoyl, C V6 alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thi- 
ocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, 
di-C,^ alkyl-thiocarbamoyl, Cg. 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thio- 
carbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsulfamoyl, C^g alkylsulfonyl, 
C 6-14 arylsulfonyl, C^g alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^g alkoxysulfinyl, C 6 . 14 ary- 
loxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 substituent(s) se- 
lected from Substituent Group A described above; 

each of R 2 and R 3 is any of the following (i) to (iii): 

(i) a hydrogen atom, 

(ii) a Cj.g alkyl group, C 2 _g alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, C 3 . 6 cycloalkenyl 
group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above, 

(iii) an acyl group selected from formyl, carboxy, carbamoyl, alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, 6 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl-carbamoyl, 
C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C^g cy- 
cloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, Cg_ 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 .^ 6 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C.,.g alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, Cg. 14 arylsul- 
famoyl, C^g alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g alkylsulfinyl, Cg. 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent^) selected from Substituent Group A described above; 
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R 2 and R 3 may be taken together with the adjacent carbon atom to form a C 3 . 8 cycloalkane or 3- to 8-membered 
heterocyclic ring which may have 1 to 3 substituent(s) selected from C^g alkyl, C 6 . 14 aryl, C 7 . 16 aralkyl, amino, 
mono-C^g alkylamino, mono-Cg_ 14 arylamino, di-C^g alkylamino, di-C 6 . 14 arylamino and 4- to 10-membered 
aromatic heterocyclic group; 
R 4 is 

(i) a hydrogen atom, 

(ii) a cyano group, 

(iii) a C^e alkyl group, C 2 _ 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, C 3 . 6 cycloalkenyl 
group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above, 

(iv) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, Cg_ 14 aryl-carbonyl, C 7 .-| 6 aralkyl-carbonyl, Cg. 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl-carbamoyl, 
C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g aikyl-thiocarbonyl, C^g cy- 
cloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C-i.g alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C^g alkylsulfonyl, Cg. 14 arylsulfonyl, C^g alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 _ 14 aryloxysulfinyl, C,. 6 alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above, or, 

(v) a group represented by Formula: -OR 4 ' 
(R 4 ' is 

<1> a hydrogen atom, 

<2> a C^g alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, C 3 . 6 cycloalkenyl 
group, Cg. 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from 
Substituent Group A described above, or, 

<3> an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-car- 
bonyl, C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 
aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 het- 
eroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, 
di-C^ alkyl-carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms) -carbamoyl, C^g 
alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, Cg_ 14 aryl-thiocarbonyl, 
C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-mem- 
bered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl- 
thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon 
atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mo- 
no-C-i.g alkylsulfamoyl, di-C^g alkylsulfamoyl, Cg_ 14 arylsulfamoyl, C^g alkylsulfonyl, C 6 . 14 arylsulfo- 
nyl, C^g alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C,. 6 alkoxysulfinyl, Cg. 14 aryloxysulfinyl, C^g 
alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above); 

R 5 is any of the following (i) to (v): 

(i) a hydrogen atom, 

(ii) a C^g alkyl group, C 2 ^ alkenyl group, C 2 . 6 alkynyl group, C3. 6 cycloalkyl group, C 3 . 6 cycloalkenyl 
group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above, 

(iii) an acyl group selected from formyl, carboxy, carbamoyl, alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, Cg_ 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, Cg_ 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy- 
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carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^.g alkyl-carbamoyl, 
c 6-u u aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 het- 
eroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^.g alkyl-thiocarbonyl, C 3 _ 6 cy- 
cloalkyl-thiocarbonyl, C^ s alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C-j.g alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^.g alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C,_ 6 alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g alkylsulfinyl, Cg. 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above, 

(iv) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from 
Substituent Group A described above, 

(v) a halogen atom; 

each of R 6 and R 7 is (i) a hydrogen atom, (ii) a C^.g alkyl group, C 2 _ 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 
cycloalkyl group, C 3 . 6 cycloalkenyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above, 

R 6 and R 7 may be taken together with the adjacent carbon atom to form a C 3 . 8 cycloalkane or 3- to 8-membered 
heterocyclic ring which may have 1 to 3 substituent(s) selected from C^g alkyl, C 6 . 14 aryl, C 7 . 16 aralkyl, amino, 
mono-C^g alkylamino, mono-Cg_ 14 arylamino, di-C^g alkylamino, di-C 6 . 14 arylamino and 4- to 10-membered 
aromatic heterocyclic group; 

each of R 8 and R 9 is (i) a hydrogen atom, (ii) a C^g alkyl group, C 2 . 6 alkenyl group, C 2 _ 6 alkynyl group, C 3 . 6 
cycloalkyl group, C 3 . 6 cycloalkenyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 sub- 
stituent^) selected from Substituent Group A described above; 
X is 

(i) a bond, 

(ii) an oxygen atom, 

(iii) an optionally oxidized sulfur atom, 

(iv) a C^g alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, C 3 . 6 cycloalkenyl 
group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above, 

(v) a nitrogen atom having an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, 
C 3 . 6 cycloalkyl-carbonyl, C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl -carbonyl, C 6 . 14 aryloxy 
carbonyl, C 7 . 16 araikyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 
1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-car- 
bamoyl, di-C^g alkyl carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition 
to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g 
alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 ar- 
alkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered hetero- 
cycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 ar- 
yl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g 
alkylsulfamoyl, C 6 . 14 arylsulfamoyl, C^g alkylsulfonyl, C 6 . 14 arylsulfonyl, C^g alkylsulfinyl, Cg_ 14 arylsulfi- 
nyl, sulfino, sulfo, C,. 6 alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, C v6 alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, 
which may have 1 to 5 substituent(s) selected from Substituent Group A described above, or, 

(vi) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from 
Substituent Group A described above; 

Yis 

<1 > a methylene group which may have 1 to 5 substituent(s) selected from Substituent Group A described 
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above or 

<2> a carbonyl group; 
n is 0 or 1 , 

[5] the compound according to the above-mentioned [2] or [3] wherein R 1 is (1) an optionally substituted aromatic 
hydrocarbon group, (2) an optionally substituted heterocyclic group, (3) an optionally substituted aliphatic cyclic 
hydrocarbon group or (4) a group represented by Formula: -L-R 1a wherein L is methylene, carbonyl or an optionally 
substituted nitrogen atom, R 1a is a hydrogen atom, optionally substituted aromatic group, optionally substituted 
hydroxy group or optionally substituted amino group, 
[6] the compound according to the above-mentioned [5] wherein i 

R 1 is any of the following (i) to (iv): 

(i) a C 6 . 14 aryl group which may have 1 to 5 substituent(s) selected from Substituent Group A described 
above, 

(ii) a 5- to 1 4-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from 
Substituent Group A described above, 

(iii) a C 3 . 6 cycloalkyl group which may have 1 to 5 substituent(s) selected from Substituent Group A de- 
scribed above, 

(iv) a group represented by Formula: -L-R 1a wherein L is (a) a methylene, (b) a carbonyl or (c) a nitrogen 
atom which may be substituted by the following (ia) to (iiia): 

(ia) a hydrogen atom, 

(iia) aC H alkyl group, C 2 _ 6 alkenyl group, C 2 _ 6 alkynyl group, C 3 . 6 cycloalkyl group, C 3 . 6 cycloalkenyl 
group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from 
Substituent Group A described above, 

(iiia) an acyl group selected from formyl, carboxy, carbamoyl, C^. 6 alkyl-carbonyl, C^g cycloalkyl- 
carbonyl, C|. 6 alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl -carbonyl, C 6 . 14 aryloxy-carbonyl, 
C 7 . 16 aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-car- 
bamoyl, di-C^g alkyl-carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-car- 
bamoyl, C^. G alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^ 6 alkoxy-thiocarbonyl, C 6 _ 14 aryl-thi- 
ocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 _ 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^.g alkyl-thiocarbamoyl, 
di-C^ alkyl-thiocarbamoyl, Cg. 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thio- 
carbamoyl, mono-C^g alkylsutfamoyl. di-C^g alkylsulfamoyl, C 6 . 14 arylsulfamoyl, C^g alkylsulfonyl, 
Cg_ 14 arylsulfonyl, C v6 alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^g alkoxysulfinyl, C 6 . 14 ary- 
loxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 substituent(s) se- 
lected from Substituent Group A described above, 

R 1a is 

(i) a hydrogen atom, 

(ii) <1> a Cg_ 14 aryl group or <2> a 5- to 14-membered aromatic heterocyclic group containing 1 to 4 
heteroatom(s) selected from 1 or 2 kind(s) of nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms, both of which may contain 1 to 5 substituent(s) selected from Substituent Group A described above, 

(iii) a hydroxy group which may have a C^g alkyl group, C 2 . 6 alkenyl group, C 2 _ 6 alkynyl group, C 3 . 6 
cycloalkyl group, C 3 . 6 cycloalkenyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 
substituent(s) selected from Substituent Group A described above, 

(iv) an amino group which may be substituted by the following (ia) to (iiia): 

(ia) a hydrogen atom, 

(iia) aC^ alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, C 3 . 6 cycloalkenyl 
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group, Cg_ 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from 
Substituent Group A described above, 

(iiia) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, cycloalkyl- 
carbonyl, C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, 

5 C 7 . 16 aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 

heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-car- 
bamoyl, di-C^.g alkyl carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-car- 
bamoyl, C^. e alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, 0^ G alkoxy-thiocarbonyl, C 6 . 14 aryl-thi- 

10 ocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 

6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms)-thiocarbonyi, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, 
di-C^ alkyl-thiocarbamoyl, Cg_ 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thio- 

15 carbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsulfamoyl, C^g alkylsulfonyl, 

C 6-14 arylsulfonyl, C^g alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^g alkoxysulfinyl, C 6 . 14 ary- 
loxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl. 

[7] the compound according to the above-mentioned [2] wherein R 1 is a group represented by Formula: 

20 



25 




(wherein R 1b is a hydrogen atom or an optionally substituted hydrocarbon group or optionally substituted hetero- 
30 cyclic group, Ring D is an optionally substituted aromatic hydrocarbon ring or optionally substituted heterocyclic 

group, E is a bond, methylene, oxygen atom, optionally oxidized sulfur atom, optionally substituted nitrogen atom 
or a group represented by Formula: -CS-0-, -CO-0-, -S-CO-, -(CH 2 ) k -CO-, NR 1c -CO-(CH 2 ) m -, -NR 1C -S0 2 - 
(CH 2 ) m -, -S0 2 -NRiC-(CH 2 ) m -, -0-CS-NRiC-(CH 2 ) m -, -NRiC-CO-NRic.(CH 2 ) m -, -NR^-CO-(CH 2 ) m -NRic. where- 
in R 1C is a hydrogen atom, optionally substituted alkyl group or acyl group, k is 0 or 1 , m is an integer of 0 to 3). 
35 [8] the compound according to the above-mentioned [7] wherein 

R 1b is 

(i) a C,. 6 alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C 3 _ 6 cycloalkyl group, C 3 . 6 cycloalkenyl group, 
40 c 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substituent 

Group A described above, or, 

(ii) a 5- to 1 4-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from 
Substituent Group A described above; 

45 

Ring D is (i) a Cg_ 14 aryl ring which may have 1 to 5 substituent(s) selected from Substituent Group A described 
above or (ii) a 5- to 1 4-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms in addition to carbon atoms which may contain 1 to 6 substituent(s) selected from 
Substituent Group A described above; 
50 E is any of the following (i) to (viii): 

(i) a bond, 

(ii) methylene, 

(iii) an oxygen atom, 

55 (jv) an optionally oxidized sulfur atom, 

(v) a nitrogen atom having aC^ alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, 
c 3-6 cycloalkenyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) 
selected from Substituent Group A described above, 
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(vi) a nitrogen atom having an acyl group selected from formyl, carboxy, carbamoyl, C^ 6 alkyl-carbonyl, 
c 3-6 cycloalkyl-carbonyl, C^ G alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy- 
carbonyl, C 7 . 16 aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 
1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-car- 
bamoyl, di-C^g alkyl carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition 
to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g 
alkyl-thiocarbonyl, C 3 .gcycloalkyl-thiocarbonyl, C^galkoxy-thiocarbonyl, Cg. 14 aryl-thiocarbonyl, C 7 . 16 ar- 
alkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyi, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered hetero- 
cycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms) -thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^.g alkyl-thiocarbamoyl, C 6 . 14 ar- 
yl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C,_ 6 
alkylsulfamoyl, C 6 . 14 arylsulfamoyl, C^g alkylsulfonyl, C 6 . 14 arylsulfonyl, C^g alkylsulfinyl, Cg_ 14 arylsulfi- 
nyl, sulfino, sulfo, C^g alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, C-,^ alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, 

(vii) a nitrogen atom having a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may contain 1 to 5 
substituent(s) selected from Substituent Group A described above; 

(viii) -CS-0-, -CO-O-, -S-CO-, -(CH 2 ) k -CO-, -NR 1c -CO-(CH 2 ) m -, -NR 1c -S0 2 -(CH 2 ) m -, 
-S0 2 -NR 1c -(CH 2 ) m -, -0-CS-NR 1 C(CH 2 ) m -, -NR 1c -CO-NR 1c -(CH 2 ) m - or -NR 1 C-CO-(CH 2 ) m -NR 1 C- 
(wherein R 1C is 

(ia) a hydrogen atom, (iia) a C^g alkyl group which may have 1 to 5 substituent(s) selected from 
Substituent Group A described above, or, 

(iiia) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C^g cycloalkyl- 
carbonyl, C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, 
C 7 . 16 aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-car- 
bamoyl, di-C^g alkyl-carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-car- 
bamoyi, C^g alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thi- 
ocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyi, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, 
di-C^ alkyl-thiocarbamoyl, Cg_ 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thio- 
carbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsulfamoyl, C^g alkylsulfonyl, 
Cg_ 14 arylsulfonyl, C^g alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^g alkoxysulfinyl, C 6 . 14 ary- 
loxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 substituent(s) se- 
lected from Substituent Group A described above; 

k is 0 or 1 , m is an integer of 0 to 3). 

[9] the compound according to the above-mentioned [7] wherein 

R 1b is, 

(1) a C1-6 alkvl 9 rou P [ tnis c i-s alkvl 9 rou P ma y nave a substituent selected from a halogen atom, cyano, 
hydroxy, C^g alkoxy-carbonyl, di-C^g aikylamino, optionally halogenated C^g alkyl-carbonyl-amino, car- 
boxy, carbamoyl, C^g alkyl-carbamoyl, C^g alkyl-carbonyloxy, C^galkoxy-carbonyl-C^g alkyl-carbamoyl, 
(5- to 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atomsJ-C^.g alkyl-carbamoyl, C^g alkylthio, C^g alkylsulfinyl, C^g 
alkylsulfonylamino, (5- to 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms in addition to carbon atoms^C^g alkylcarbamoyl, (5- to 6-membered 
heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
dition to carbon atoms)-amino, sulfamoyl-C 6 . 14 aryl, carboxy-C 6 . 14 aryl, C^g alkoxy-carbonyl-Cg_ 14 aryl, 
carbamoyl-C 6 . 14 aryl, C^g alkyl-carbamoyl-C 6 . 14 aryl which may have a hydroxy and (4- to 1 0-membered 
heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
dition to carbon atoms)-carbamoyl-C 6 . 14 aryl], 
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(2) a C 3 . 6 cycloalkyl group, 

(3) a C 6 . 14 aryl group [this C 6 -14 aryl group may have a substituent selected from C^ e alkoxy, amino, 
carboxy, optionally halogenated C^. 6 alkyl-carbonylamino, C^. 6 alkoxy-carbonylamino, formylamino, ure- 
ido, C^e alkylsulfonylamino, (C|. 6 alkyl)(C|. 6 alkylsulfonyl) amino, C^g alkoxy-carbonyl-C,. 6 alkylamino, 
optionally C^g alkyl-esterified phosphono-C^g alkylamino, mono- or di-C^g alkyl-carbamoyl and C 7 . 16 
aralkyloxy-carbonylamino] or, 

(4) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms [this heterocyclic group may be substituted by 1 or 2 sub- 
stituent(s) selected from a halogen atom, C^g alkyl, carboxy-C^g alkyl, C,. 6 alkyl-carbonyloxy-C^g alkyl, 
C,_ 6 alkoxy-carbonyl, C^g alkoxy-carbonyl-C-,. 6 alkyl, C^g alkyl-carbamoyl-C,_g alkyl, carbamoyl, oxo and 
4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms]; 

Ring D is (i) a C 6 . 14 aryl ring or (ii) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms; 
E is 

(i) a bond, 

(ii) methylene, 

(iii) O, 

(iv) S, 

(v) SO, 

(vi) S0 2 , 

(vii) -NH-, 

(vlii) -N(C 14 alkyl)-, 

(ix) -NJC^g alkyl-carbonyl)-, 

(x) -NfC^e alkoxy-carbonyl)-, 

(xi) -NfC^g alkyl-sulfonyl)-, 

(xii) -CO-O-, 

(xiii) -S-CO-, 

(xiv) a group represented by Formula: -(CH 2 ) k -CO wherein k is 0 or 1 , 

(xv) -NR f -CO-(CH 2 ) m1 - wherein R f is a hydrogen atom or Cj.g alkoxy-carbonyl or C-j.g alkyl group which 
may be substituted by a heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen, 
sulfur atoms and the like in addition to carbon atoms, and ml is an integer of 0 to 3, 

(xvi) a group represented by Formula -NR9-S0 2 -(CH 2 ) m2 - wherein R9 is a hydrogen atom or C^ s alkyl- 
sulfonyl group and m2 is 0, 

(xvii) a group represented by Formula -S0 2 -NR h -(CH 2 ) m3 - wherein R h is a hydrogen atom or C^g alkyl 
group and m3 is 0 or 1, 

(xviii) a group represented by Formula -0-CS-NR'-(CH 2 ) m4 - wherein R 1 is a hydrogen atom or C^g alkyl 
group and m4 is 0 or 1, 

(xix) a group represented by Formula -NRi-CO-NR k -(CH 2 ) m5 - wherein Ri is a hydrogen atom or C^g alkyl 
group, R k is a hydrogen atom or C^g alkyl group 

and m5 is 0 or 1 , 

(xx) a group represented by Formula -NR L -CO-CH 2 -(CH 2 ) m 6-NR m - wherein R L is a hydrogen atom orC^g 
alkyl group, R m is a hydrogen atom or C^g alkyl group and m6 is 0 or 1 . 

[10] the compound according to the above-mentioned [2] wherein R 1 is a group represented by Formula: 

CO-Hal 



wherein Hal is a halogen atom, Ring D is defined as described in the above-mentioned [7], 

[11] the compound according to the above-mentioned [2] wherein R 1 is a group represented by Formula: 
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wherein each symbol is defined as described in the above-mentioned [7] or a group represented by Formula: 



wherein each symbol is defined as described in the above-mentioned [7], each of R 2 and R 3 is a hydrogen atom 
or optionally substituted hydrocarbon group, and R 2 and R 3 may be taken together with the adjacent carbon atom 
to form an optionally substituted 3- to 8-membered ring, R 4 is a hydrogen atom, cyano group, optionally substituted 
hydrocarbon group, acyl group or a group represented by Formula: -OR 4 ' (wherein R 4 ' is a hydrogen atom, op- 
tionally substituted hydrocarbon group or acyl group), R 5 is an optionally substituted hydrocarbon group, each of 
R 6 and R 7 is an optionally substituted hydrocarbon group, R 6 and R 7 may be taken together with the adjacent 
carbon atom to form an optionally substituted 3- to 8-membered ring, each of R 8 and R 9 is a hydrogen atom, X is 
an oxygen atom or an optionally oxidized sulfur atom, Y is methylene which may have 1 or 2 C-j.g alkyl group(s) 
and n is 0 or 1 . 

[12] the compound according to the above-mentioned [2] wherein 



(i) a C 6 . 14 aryl group which may have 1 to 3 substituent(s) selected from the following (1) to (23): 

(1) a halogen atom, 

(2) a nitro group, 

(3) a C,. 6 alkyl group 

[this C^g alkyl group may have a substituent selected from a halogen atom, cyano, carbamoyl, C^g 
alkyl-carbamoyl, C^g alkyl-carbonyloxy, C^ 6 alkoxy-carbonyl-C^.g alkyl-carbamoyl, (5- or 6-mem- 
bered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atomsJ-C^g alkyl-carbamoyl, C,_ 6 alkylsulfonylamino, C A _ 6 alkoxy-carb- 
onyl and carboxy], 

(4) a C3_ 6 cycloalkyl group, 

(5) a Cg. 14 aryl group 

[this Cg_ 14 aryl group may have a substituent selected from amino, carboxy, C^.g alkoxy-carbonyl, 
carbamoyl, mono- or di-C^g alkylcarbamoyl, formylamino, C^ 6 alkyl-carbonylamino which may have 
a halogen atom or carboxy, C 6 . 14 aryl-carbonylamino, C,. 6 alkoxy-carbonylamino, ureido, mono- or 
di-C^ alkylureido, C^g alkylsulfonylamino, (C^g alkyOfC^g alkylsulfonyl) amino, (C^g alkylXC^g 
alkyl-carbonyl) amino, C^g alkoxy-carbonyl-C^g alkylamino, C 6 . 14 aralkyloxy-carbonylamino, C^g 
alkyl-carbonylamino-C^g alkyl-carbonylamino, C^g alkylthio-C^g alkyl-carbonylamino, C-j.g alkyl- 
sulfinyl-C^g alkyl-carbonylamino, C v6 alkyl-sulfonyl-C^g alkyl-carbonylamino, C 6 . 14 aryloxy-carbon- 
ylamino and hydroxy-C^ alkyl-carbamoyl], 

(6) a C^g alkoxy group which may have a halogen atom or C VB alkoxy-C 6 . 14 aryl, 

(7) a Cg_ 14 aryloxy group, 

(8) a C^g alkylthio group which may have a carbamoyl, 

(9) a C^g alkylsulfinyl group which may have a carbamoyl, 

(1 0) a Cg. 14 arylthio group, 

(11) a hydroxy group, 

(1 2) a 5- to 1 4-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, 




CO-Hal 



R 1 is, 
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sulfur and oxygen atoms [this heterocyclic group may have a substituent selected from oxo, car- 
boxy-C^e alkyl, C^. 6 alkyl-carbonyloxy-C^.g alkyl, C^.g alkyl, C^ 6 alkoxy-carbonyl-C^g alkyl, C^ B 
alkoxy-carbonyl, carbamoyl-C^g alkyl and C^g alkyl-carbamoyl-C^.g alkyl], 

(13) a carboxy group, 

(14) a group represented by Formula: -CO-Hal (Hal is a halogen atom), 

(15) a C^e alkyl-carbonyl group, 

(16) a C^e alkyl-sulfonyl group, 

(17) a C-j.e alkoxy-carbonyl group, 

(18) a sulfamoyl group 

[this sulfamoyl group may have 1 or 2 substituent(s) selected from alkyl, carbamoyl-C^ alkyl, 
C^e alkoxy-carbonyl-C^g alkyl, (5- to 8-membered heterocyclic ring which may have an oxo group) 
-C^g alkyl and C^g alkyl-carbonylamino-Cg_ 14 aryl], 

(19) a group represented by Formula: -NR a R b 

[each of R a and R b is (i) a hydrogen atom, (ii) a C^g alkyl, (iii) a (5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atomsJ-C^e alkyl, (iv) a C^g alkoxy-carbonyl-C^g alkyl, (v) a di-C^g alkylamino-methylene-sulfa- 
moyl-C^g alkyl, (vi) a carbamoyl-C^g alkyl, (vii) a sulfamoyl-C^.g alkyl, (viii) a C^g alkyl-sulfonyl, (ix) 
a C^g alkoxy-carbonyl, (x) a di-C^g alkoxy-carbonyl-C 2 . 6 alkenyl, (xi) a C 6 . 14 aryl, (xii) a 5- or 6-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms [this 5- or 6-membered heterocyclic group may have a substituent 
selected from amino, C^g alkyl-carboxamido and Cj.g alkyl-sulfonylamino], (xiii) an optionally halo- 
genated C^g alkyl-carbonyl, (xiv) a C^g alkylthio-C^g alkyl-carbonyl, (xv) a alkylsulfinyl-C 1 . 6 
alkyl-carbonyl, (xvi) a C,.g alkylsulfonyl-C^g alkyl-carbonyl, (xvii) an amino-C^g alkyl-carbonyl, (xviii) 
an optionally halogenated C^g alkyl-carbonyl-amino-C 1 _ 6 alkyl-carbonyl, (xix) a C 6 . 14 aryl-carbonyl, 
(xx) a carboxy-Cg. 14 aryl-carbonyl, (xxi) an optionally C^g alkyl-esterified phosphono-C^g alkyl-C 6 . 14 
aryl-carbonyl, (xxii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have a halogen atom, 
oxo or a C^g alkoxy-carbonyl)-carbonyl, (xxiii) a (5- or 6-membered heterocyclic ring containing 1 to 
3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atomsJ-C^g 
alkyl-carbonyl, (xxiv) a C 6 . 14 aryl-oxy-carbonyl, (xxv) a carboxy-C^g alkyl, (xxvi) a carbamoyl, (xxvii) 
an optionally halogenated C^g alkylcarbamoyl, (xxviii) a C 6 . 14 arylcarbamoyl which may have a C^g 
alkyl-carbonylamino, (xxix) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms) -carbamoyl, (xxx) a C 2 . 6 
alkenyl-carbonyl, (xxxi) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an oxo group)- 
amino-C.,.g alkyl-carbonyl, (xxxii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an 
oxo groupXC^g alkyl) amino-C^g alkyl-carbonyl, (xxxiii) a (5- or 6-membered heterocyclic ring con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms which may have an oxo group)(C 1 . 6 alkylcarbonyOamino-C^g alkyl-carbonyl, (xxxiv) a C^g 
alkylthio-C^g alkylcarbonyl (sulfur atom may be oxidized), (xxxv) an optionally halogenated C.,. 6 alkyl- 
sulfonyl, (xxxvi) a sulfamoyl or (xxxvii) a C^g alkylsulfamoyl], 

(20) a group represented by Formula: -C(=0)NR c R d 

[each of R c and R d is (i) a hydrogen atom, (ii) a C^g alkyl, (iii) a (5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms)-C v6 alkyl, (iv) a carboxy-Cj.galkyl, (v) a C,. 6 alkoxy-carbonyl-C^g alkyl, (vi) a di-C^g alkylami- 
no-C.,.g alkyl, (vii) a carbamoyl-C^g alkyl, (viii) a C^g alkylcarbamoyl-C^g alkyl, (ix) a (5- or 6-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atomsJ-C^g alkylcarbamoyl-C^g alkyl, (x) a (5- or 6-membered hetero- 
cyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
dition to carbon atomsJ-amino-C^g alkyl, (xi) a sulfamoyl-C 6 . 14 aryl-C^g alkyl, (xii) a Cg_ 14 aryl which 
may have a C^g alkoxy, (xiii) an optionally C^g alkyl-esterified phosphono-C^g alkyl-C 6 _ 14 aryl, (xiv) 
a 4- to 10-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms [this 4- to 1 0-membered heterocyclic group may have 
1 to 2 substituent(s) selected from a halogen atom, C V g alkyl and oxo], (xv) a C 6 . 14 aryl-carbamoyl-C-j.g 
alkyl, (xvi) a hydroxy-C^g alkyl or (xvii) a (5- or 6-membered heterocyclic ring containing 1 to 3 het- 
eroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may 
have a oxo group)-carbamoyl-C V 6 alkyl], 
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(21) a cyano group, 

(22) a mono- or di-C^.g alkylcarbamoylthio group, 

(23) a mono- or di-C^.g alkylthiocarbamoyloxy group; 

5 (ii) a 5- to 1 4-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 

and oxygen atoms in addition to carbon atoms which may contain 1 to 3 substituent(s) selected from the 
following (1)to (8): 

(1) a halogen atom, 

10 (2) a C^g alkyl group [this alkyl may have a substituent selected from carboxy, alkoxy, C^_ 6 alkoxy- 

carbonyl, mono-C^g alkyl-amino, di-C^ alkyl-amino, carbamoyl, C^g alkyl-carbamoyl which may 
have a hydroxy, 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have oxo, (4- to 10-mem- 
bered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 

*5 atoms in addition to carbon atoms)-carbamoyl, carbamoyl-C.,. 6 alkyl-carbamoyl], 

(3) a C^g alkoxy group, 

(4) a Cg_ 14 aryl group, 

(5) a C 7 . 16 aralkyl group [this C 7 . 16 aralkyl group may have a substituent selected from carboxy, C^g 
alkoxy-carbonyl, carbamoyl, C^g alkyl-carbamoyl which may have hydroxy, (4- to 10-membered net- 

20 erocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 

addition to carbon atoms)-carbamoyl], 

(6) a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms in addition to carbon atoms [this 4- to 1 0-membered heterocyclic group may 
have a substituent selected from a C^g alkyl, C^g alkoxy-carbonyl, carbamoyl, oxo, 4- to 10-mem- 

25 bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 

atoms in addition to carbon atoms], 

(7) an oxo group, 

(8) an oxide group; 

(iii) a C 3 . 6 cycloalkyl group; or, 

30 (iv) a group represented by Formula: -L'-R 1a ' (L' is methylene, carbonyl or an optionally substituted 

nitrogen atom, R 1a ' is (1) a hydrogen atom, (2) a C 6 . 14 aryl group which may have 1 to 5 substituent 
(s) selected from a C^g alkyl and C^g alkoxy, (3) a hydroxy group which may be substituted by a C^g 
alkyl group, (4) a C^g alkyl-amino group which may be substituted by a 4- to 10-membered hetero- 
cyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition 

35 to carbon atoms, (6) a C 6 . 14 aryl-amino group or (7) a (4- to 1 0-membered heterocyclic ring containing 

1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms)- 
amino group), 

each of R 2 and R 3 is (1) a hydrogen atom, (2) a C^g alkyl group which may be substituted by <1> a halogen 

40 atom, <2> a hydroxy group which may be substituted by a substituent selected from a C^g alkyl, C^g alkyl- 

carbonyl, C^g alkylsulfonyl and C 7 . 16 aralkyl, <3> an amino group which may be substituted by 1 or 2 C^g 
alkyl, C V6 alkyl-carbonyl and C 6 . 14 aryl-carbonyl, <4> a 4- to 10-membered heterocyclic group containing 1 
to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms, <5> a thio 
group which may be substituted by a C^g alkyl, <6> a C^g aikyl-sulfinyl group or <7> a C^g alkyl-sulfonyl 

45 group, or (3) a C^g alkoxy-carbonyl group, 

R 2 and R 3 may be taken together with the adjacent carbon atom to form a C^g cycloalkane, 
R 4 is (i) a hydrogen atom, (ii) a cyano group, (iii) a C^g alkyl group [this C^g alkyl group may have a substituent 
selected from (1 ) a halogen atom, (2) a cyano group, (3) a C^g alkoxy group, (4) a hydroxy group, (5) an amino 
group, (6) a mono-C^g alkylamino group, (7) a di-C^g alkylamino group, (8) a tri-C^g alkylammonium group, 

50 (8) a 4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 

oxygen atoms in addition to carbon atoms which may have an oxo, (9) a Cg. 14 arylthio, (10) an ureido, (11) a 
carboxy, (12) a carbamoyl, (13) a C^g alkoxy-carbonyl, (14) a mono-C^g alkyl-carbamoyl, (15) a formylamino 
and (16) a C^g alkyl-carboxamide], 
(iv) a C 2 . 6 alkenyl group or (v) a formyl group; 

55 X is a bond, oxygen atom, optionally oxidized sulfur atom, -NH- or -N(methyl)-, 

R 5 is, 

when X is a bond, then (i) a hydrogen atom, (ii) a C^g alkyl group or (iii) a halogen atom, 

when X is an oxygen atom, then (i) a hydrogen atom, (ii) a C^g alkyl group [this C v6 alkyl group may have a 
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substituent selected from (1) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a 
carbamoyl, (6) a C^g alkoxy-carbonyl, (7) a mono-C^g alkyl-carbamoyl, (8) a di-C^.g alkyl-carbamoyl, (9) a 4- 
to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms], (iii) a C 2 . 6 alkenyl group [this C 2 . 6 alkenyl group may have a C 6 . 14 aryl], 
(iv) a C 2 . 6 alkynyl group, (v) a C 3 . 6 cycloalkyl group, (vi) a C 7 . 16 aralkyl group, (vii) a C v6 alkyl-carbonyl group, 
(viii) a C 6 . 14 aryl-carbonyl group, (ix) a C^ G alkoxy-carbonyl group, (x) a mono- or di-C^g alkyl-thiocarbamoyl 
group, (xi) an optionally halogenated C^g alkyl-sulfonyl group or (xii) a 4- to 1 0-membered heterocyclic group 
containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms 
[this heterocyclic group may have a C 6 . 14 aryl], 

when X is an optionally oxidized sulfur, then (i) a C^g alkyl group or (ii) a mono- or di-C^g alkyl-carbamoyl group, 
when X is -NH- or -N (methyl)-, then (i) a hydrogen atom, (ii) a C,_ 6 alkyl group [this C^g alkyl group may have 
a C^g alkoxy-carbonyl], (iii) formyl, (iv) a C^g alkyl-carbonyl group, (v) a C^g alkoxy-carbonyl group, (vi) a 
carbamoyl group, (vii) a mono- or di-C^g alkyl-carbamoyl group or (viii) a C^g alkyl-sulfonyl group, 
each of R 6 and R 7 is a hydrogen atom or C^g alkyl group, 

R 6 and R 7 may be taken together with the adjacent carbon atom to form a C^g cycloalkane, 
Each of R 8 and R 9 is a hydrogen atom or a C<|.g alkyl group, 

Y is <1 > a methylene group which may have 1 or 2 Cj.g alkyl or hydroxy group or <2> a carbonyl group, 
n is 0 or 1 , 

[13] the compound according to the above-mentioned [3] wherein 
R 1 is, 

(i) a C 6 . 14 aryl group which may have 1 to 3 substituent(s) selected from the following (1) to (20); 

(1) a halogen atom, 

(2) a nitro group, 

(3) a C^g alkyl group [this C^g alkyl group may have a substituent selected from a halogen atom, 
cyano, carbamoyl, C^g alkyl-carbamoyl, C^g alkyl-carbonyloxy, C^g alkoxy-carbonyl-C^g alkyl-car- 
bamoyl, (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms in addition to carbon atoms)-C-j. 6 alkyl-carbamoyl, C|. 6 alkylsulfonylamino, 
C^g alkoxy-carbonyl and carboxy], 

(4) a C3.6 cycloalkyl group, 

(5) a Cg_ 14 aryl group 

[this C 6 . 14 aryl group may have a substituent selected from amino, optionally halogenated C^g alkyl- 
carbonylamino, ureido, C^g alkylsulfonylamino, (C^g alkylHC^g alkylsulfonyl) amino, C^.g alkoxy- 
carbonyl-C^g alkylamino], 

(6) a C^g alkoxy group which may have a halogen atom or C^g alkoxy-C 6 . 14 aryl, 

(7) a Cg_ 14 aryloxy group, 

(8) a Cj.g alkylthio group, 

(9) a C^g alkylsulfinyl group, 

(1 0) a Cg_ 14 arylthio group, 

(11) a hydroxy group, 

(12) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms [this heterocyclic group may have a substituent selected from oxo, car- 
boxy-C^g alkyl, C^g alkyl-carbonyloxy-C^g alkyl, C^g alkoxy-carbonyl-C^g alkyl, C^g alkyl-car- 
bamoyl-C^g alkyl], 

(13) a carboxy group, 

(14) a group represented by Formula: -CO-Hal (Hal is a halogen atom), 

(15) a C^g alkyl-carbonyl group, 

(16) a C^g alkyl-sulfonyl group, 

(1 7) a C.,.g alkoxy-carbonyl group, 

(18) a sulfamoyl group [this sulfamoyl group may have a substituent selected from a C^g alkyl, car- 
bamoyl-C^g alkyl, (5-or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms in addition to carbon atomsJ-C^g alkyl], 

(19) a group represented by Formula: -NR a R b [each of R a and R b is (i) a hydrogen atom, (ii) a C^g 
alkyl, (iii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms in addition to carbon atomsJ-C^ alkyl, (iv) a C^g alkoxy-carbonyl-C^g alkyl, 
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(v) a di-C-j.g alkylamino-methylene-sulfamoyl-C 1 . 6 alkyl, (vi) a carbamoyl-C^g alkyl, (vii) a sulfa- 
moyl-C^g alkyl, (viii) a C^.g alkyl-sulfonyl, (ix) a C hB alkoxy-carbonyl, (x) a di-C^.g alkoxy-carbonyl-C 2 . 6 
alkenyl, (xi) a C 6 . u aryl, (xii) a 5- or 6-membered heterocyclic group containing 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this 5- or 6-membered 
heterocyclic group may have a substituent selected from amino, C,. 6 alkyl-carboxamido and C V6 
alkyl-sulfonylamino], (xiii) an optionally halogenated C,. 6 alkyl-carbonyl, (xiv) a C^ 6 alkylthio-C^.g 
alkyl-carbonyl, (xv) a C^.g alkylsulfinyl-C 1 . 6 alkyl-carbonyl, (xvi) a C-|. 6 alkylsulfonyl-C^g alkyl-carbo- 
nyl, (xvii) an amino-C^g alkyl-carbonyl, (xviii) an optionally halogenated C«|. 6 alkyl-carbonyl-ami- 
no-C^g alkyl-carbonyl, (xix) a C 6 . 14 aryl-carbonyl, (xx) a carboxy-C 6 . 14 aryl-carbonyl, (xxi) an option- 
ally C^g alkyl-esterified phosphono-C^g alkyl-Cg_ 14 aryl-carbonyl, (xxii) a (5- or 6-membered hetero- 
cyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atoms)-carbonyl, (xxiii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have a 
C^g alkoxy-carbonyO-C^g alkyl-carbonyl, (xxiv) a C 6 . 14 aryl-oxy-carbonyl, (xxv) a carboxy-C^g alkyl 
or (xxvi) a carbamoyl], 

(20) a group represented by Formula: -C(=0)NR c R d [each of R c and R d is (i) a hydrogen atom, (ii) a 
C<i.g alkyl, (iii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms in addition to carbon atomsJ-C^g alkyl, (iv) a carboxy-C^g alkyl, 
(v) a C^g alkoxy-carbonyl-C^g alkyl, (vi) a di-C^g alkylamino-C^g alkyl, (vii) a carbamoyl-C^g alkyl, 
(viii) a C^g alkylcarbamoyl-C^g alkyl, (ix) a (5- or 6-membered heterocyclic group containing 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms-C^g alkyl carbamoyl)-^. 6 alkyl, (x) 
a (5- or 6-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atomsJ-amino-C^g alkyl, (xi) a sulfamoyl-Cg_ 14 aryl-C^g alkyl, 
(xii) a Cg_ 14 aryl which may have a C^g alkoxy, (xiii) a C^g alkyl-C 6 . 14 aryl which have an optionally 
C^g alkyl-esterified phosphono group, (xiv) a 4- to 10-membere heterocyclic ring containing 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this het- 
erocyclic group may have 1 to 2 substituent(s) selected from a halogen atom, C^g alkyl and oxo] or 
(xv) a C 6 . 14 aryl-carbamoyl-C^g alkyl; 

(ii) a 5- to 1 4-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms which may contain 1 to 3 substituent(s) selected from the 
following (1) to (8): 

(1) a halogen atom, 

(2) a C 1 . 6 alkyl group [this alkyl may have a substituent selected from carboxy, C 1 ^ alkoxy, C 1 . 6 alkoxy- 
carbonyl, mono-C^g alkyl-amino, di-C^ alkyl-amino, carbamoyl, C^g alkyl-carbamoyl which may 
have a hydroxy, 4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have oxo, (4- to 10-mem- 
bered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms)-carbamoyl, carbamoyl-C^g alkyl-carbamoyl], 

(3) a C^g alkoxy group, 

(4) a Cg_ 14 aryl group, 

(5) a C 7 . 16 aralkyl group [this C 7 . 16 aralkyl group may have a substituent selected from carboxy, C^g 
alkoxy-carbonyl, carbamoyl, alkyl-carbamoyl which may have a hydroxy, (4- to 10-membered 
heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atoms)-carbamoyl], 

(6) a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms in addition to carbon atoms [this 4- to 1 0-membered heterocyclic group may 
have a substituent selected from a C-j.g alkyl, Cj.g alkoxy-carbonyl, carbamoyl, oxo, 4- to 10-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms], 

(7) an oxo group, 

(8) an oxide group; 

(iii) a C 3 . 6 cycloalkyl group; or, 

(iv) a group represented by Formula: -L'-R 1a ' (U is methylene, carbonyl or-NH-, R 1a ' is (1) a hydrogen 
atom, (2) a C 6 . 14 aryl group which may have 1 to 5 substituent(s) selected from a C^ 6 alkyl and C^g 
alkoxy, (3) a hydroxy group which may be substituted by a C^g alkyl group, (4) a C^g alkyl-amino 
group which may be substituted by a 4- to 1 0-membered heterocyclic ring containing 1 to 3 heteroatom 
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(s) selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms, (6) a C 6 . 14 aryl-amino 
group or (7) a (4- to 10-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, oxygen and sulfur atoms in addition to carbon atoms)-amino group), 

each of R 2 and R 3 is (1) a hydrogen atom, (2) an optionally halogenated C,. 6 alkyl group or (3) a C,_ 6 alkoxy- 
carbonyl group, 

R 2 and R 3 may be taken together with the adjacent carbon atom to form a C^g cycloalkane, 

R 4 is (i) a hydrogen atom, (ii) a C^g alkyl group [this C^ 6 alkyl group may have a substituent selected from 

(1) a halogen atom, (2) a cyano group, (3) a C^.g alkoxy group, (4) a hydroxy group, (5) an amino group, (6) 

a mono-C^g alkylamino group, (7) a di-C^g alkylamino group, (8) a tri-C^g alkylammonium group, (9) a 4- to 

10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 

atoms in addition to carbon atoms which may have an oxo, (1 0) a Cg_ 14 arylthio, (1 1 ) an ureido, (1 2) a carboxy, 

(13) a carbamoyl, (14) a C^g alkoxy-carbonyl, (15) a mono-C^g alkyl-carbamoyl, (16) a formylamino, (17) a 

C-j.g alkyl-carboxamido] or (iii) a C 2 . 6 alkenyl group; 

X is a bond, oxygen atom, sulfur atom, -NH- or -N(methyl)-. 

R 5 is, 

when X is a bond, then (i) a hydrogen atom, (ii) a C^g alkyl group or (iii) a halogen atom, 

when X is an oxygen atom, then (i) a hydrogen atom, (ii) a C^g alkyl group [this C^g alkyl group may have a 

substituent selected from (1) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a 

carbamoyl, (6) a C^g alkoxy-carbonyl, (7) a mono-C^g alkyl-carbamoyl, (8) a di-C^.g alkyl-carbamoyl, (9) a 4- 

to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 

atoms in addition to carbon atoms which may have an oxo], (iii) a C 2 . 6 alkenyl group [this C 2 . 6 alkenyl group 

may have a C 6 . 14 aryl], (iv) a C 2 . 6 alkynyl group, (v) a C^g cycloalkyl group, (vi) a C 7 . 16 aralkyl group, (vii) a 

C^g alkyl-carbonyl group, (viii) a C 6 . 14 aryl-carbonyl group, (ix) a C^g alkoxy-carbonyl group, (x) a mono- or 

di-C^g alkyl-thiocarbamoyl group, (xi) an optionally halogenated C^g alkyl-sulfonyl group or (xii) a 4- to 

10-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and oxygen 

atoms in addition to carbon atoms [this heterocyclic group may have a C 6 . 14 aryl], 

when X is a sulfur, then (i) a C^g alkyl group or (ii) a mono- or di-C^g alkyl-carbamoyl group, 

when X is -NH- or -N (methyl)-, then (i) a hydrogen atom, (ii) a C^g alkyl group [this C^g alkyl group may have 

a C^g alkoxy-carbonyl], (iii) formyl, (iv) a C^g alkyl-carbonyl group, (v) a C^g alkoxy-carbonyl group, (vi) a 

carbamoyl group, (vii) a mono- or di-C^g alkyl-carbamoyl group or (viii) a C^g alkyl-sulfonyl group, 

each of R 6 and R 7 is a hydrogen atom or C^g alkyl group, 

R 6 and R 7 may be taken together with the adjacent carbon atom to form a C 3 . 8 cycloalkane, 

each of R Q and R 9 is a hydrogen atom or a C^g alkyl group, 

Y is a methylene group which may have a hydroxy group or carbonyl group, 

n is 0 or 1. 

[14] the compound according to the above-mentioned [2] wherein each of R 2 and R 3 is a C^g alkyl group, 
[15] the compound according to the above-mentioned [2] wherein R 4 is a hydrogen atom, 
[16] the compound according to the above-mentioned [2] wherein each of R 6 and R 7 is a C^g alkyl group, 
[17] the compound according to the above-mentioned [2] wherein each of R 8 and R 9 is a hydrogen atom, 
[18] the compound according to the above-mentioned [2] wherein n is 0, 

[19] (i) 2-(Methylsulfinyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phe- 
nyl]acetamide, (ii) N-(methylsulfonyl)-N-[3-(3,4 l 8 I 9-tetrahydro-6-methoxy-3 l 3,8 I 8-tetramethylfuro[2,3-h]isoquino- 
lin-1-yl)phenyl]methanesulfonamide,(iii) N-[2-(4-pyridinyl)ethyl]-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetrame- 
thylfuro[2,3-h]isoquinolin-1-yl)benzamide, (iv) N-(2-amino-2-oxoethyl)-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8- 
tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide, (v) N-methyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetrame- 
thylfuro[2,3-h]isoquinolin-1-yl)benzamide, (vi) N-ethyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro 
[2,3-h]isoquinolin-1-yl)benzamide, (vii) N-p'-lS^.S.g-tetrahydro-e-methoxy-S.S.S.e-tetramethylfurop.S-hJisoquin- 
olin-1-yl)[1,1'-biphenyl]-3-yl]acetamide, (viii) N-(2-amino-1 ,1-dimethyl-2-oxoethyl)-3-(3,4,8,9-tetrahydro-6-meth- 
oxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide, (ix) 3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetrame- 
thylfuro[2,3-h]isoquinolin-1-yl)-N-methylbenzamide, (x) N-(2-amino-2-oxoethyl)-3-(6-ethoxy-3,4,8,9-tetrahydro- 

3.3.8.8- tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzamide, (xi) N-(2-amino-1 ,1 -dimethyl-2-oxoethyl)-3-(6-ethoxy- 

3.4.8.9- tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide, (xii) N-[3-(6-ethoxy-3,4,8,9-tetrahy- 
dro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]methanesulfonamide, (xiii) N-(hydroxymethyl)-3-(3,4,8, 
9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide or its salts, 

[20] a prodrug of a compound according to the above-mentioned [2], 

[21] a process for producing a compound having a partial structure represented by Formula: 
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wherein R 1 is defined as described in the above mentioned [2], or a salt thereof, comprising: 
(1) reacting a compound having a partial structure represented by Formula: 




wherein R 10 is an optionally substituted vinyl group or allyl group, or a salt thereof with a compound represented 
by Formula: R 1 -CN or Formula: R 1 -CONH 2 wherein R 1 is defined as described above or a salt thereof, or, 
(2) reacting a compound having a partial structure represented by Formula: 




wherein R 11 is an optionally substituted methyl group, Z is an optionally substituted hydroxy group or halogen atom 
or a salt thereof with a compound represented by Formula: R 1 -CN wherein R 1 is defined as described above or a 
salt thereof, 

[22] a process for producing a compound according to the above-mentioned [2] comprising: 
reacting a compound represented by Formula: 




wherein each symbol is defined as described in the above-mentioned [2] or a salt thereof with a compound 
represented by Formula: R 1 -CN or Formula: R 1 -CONH 2 wherein R 1 is defined as described in the above- 
mentioned [2] or a salt thereof, or, 
reacting a compound represented by Formula: 
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wherein Z is an optionally substituted hydroxy group or halogen atom, and other symbols are defined as described 
in the above-mentioned [2] or a salt thereof with a compound represented by Formula: R 1 -CN wherein R 1 is defined 
as described in the above-mentioned [2] or a salt thereof, 

[23] a phosphodiesterase IV inhibitor comprising a compound having a partial structure represented by Formula: 




wherein is a single bond or double bond or a salt thereof, 

[24] a pharmaceutical composition comprising a compound according to the above-mentioned [1] or a salt thereof, 
[25] a pharmaceutical composition comprising a compound according to the above-mentioned [2] or a salt or 
prodrug thereof, 

[26] the pharmaceutical composition according to the above-mentioned [24] or [25] which is a phosphodiesterase 
IV inhibitor, 

[27] the pharmaceutical composition according to the above-mentioned [23] to [26] which is a prophylactic or 
therapeutic agent against inflammatory diseases, 

[28] the pharmaceutical composition according to the above-mentioned [23] to [26] which is a prophylactic or 
therapeutic agent against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoim- 
mune disease or diabetes, 

[29] a pharmaceutical comprising (1) a compound having a partial structure represented by Formula: 



(A-l) 

wherein — is a single bond or double bond or a salt thereof in combination with (2) a drug selected from antiasthma 
agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial agents, antifungal agents 
and antidiabetic agents, 

[30] a pharmaceutical comprising (1) a compound according to the above-mentioned [1] or a salt thereof in com- 
bination with (2) a drug selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflam- 
matory agents, antibacterial agents, antifungal agents and antidiabetic agents, 

[31 ] a pharmaceutical comprising (1) a compound according to the above-mentioned [2] or a salt or prodrug thereof 
in combination with (2) a drug selected from antiasthma agents, antiallergic agents, anticholinergic agents, anti- 
inflammatory agents, antibacterial agents, antifungal agents and antidiabetic agents, 

[32] the pharmaceutical according to the above-mentioned [29] to [31] which is a prophylactic or therapeutic agent 
against inflammatory diseases, 

[33] the pharmaceutical according to the above-mentioned [29] to [31 ] which is a prophylactic or therapeutic agent 
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against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease or di- 
abetes, 

[34] Escherichia coli BL21/pPDE4D3 (PERM BP-7075), 

[35] a method for inhibiting a phosphodiesterase IV comprising administering an effective amount of a compound 
5 having a partial structure represented by Formula: 



10 




(A-l) 



15 wherein : _ = _ : is a single bond or double bond or a salt thereof to a mammal, 

[36] a method for preventing or treating inflammatory diseases comprising administering an effective amount of a 
compound having a partial structure represented by Formula: 



20 



25 




(A-l) 



30 



wherein — is a single bond or double bond or a salt thereof to a mammal, 

[37] a method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid ar- 
thritis, autoimmune disease or diabetes comprising administering an effective amount of a compound having a 
partial structure represented by Formula: 



35 




(A-l) 



40 



45 



50 



55 



wherein — is a single bond or double bond or a salt thereof to a mammal, 

[38] a method for inhibiting a phosphodiesterase IV comprising administering an effective amount of the compound 
according to the above-mentioned [1] or a salt thereof to a mammal, 

[39] a method for preventing or treating inflammatory diseases comprising administering an effective amount of 
the compound according to the above-mentioned [1] or a salt thereof to a mammal, 

[40] a method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid ar- 
thritis, autoimmune disease or diabetes comprising administering an effective amount of the compound according 
to the above-mentioned [1] or a salt thereof to a mammal, 

[41 ] a method for inhibiting a phosphodiesterase IV comprising administering an effective amount of the compound 
according to the above-mentioned [2] or a salt or prodrug thereof to a mammal, 

[42] a method for preventing or treating inflammatory diseases comprising administering an effective amount of 
the compound according to the above-mentioned [2] or a salt or prodrug thereof to a mammal, 
[43] a method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid ar- 
thritis, autoimmune disease or diabetes comprising administering an effective amount of the compound according 
to the above-mentioned [2] or a salt or prodrug thereof to a mammal, 

[44] a method for preventing or treating inflammatory diseases comprising administering (1) an effective amount 
of a compound having a partial structure represented by Formula: 
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wherein — is a single bond or double bond or a salt thereof in combination with (2) an effective amount of a drug 
selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial 
agents, antifungal agents and antidiabetic agents to a mammal, 

[45] a method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid ar- 
thritis, autoimmune disease or diabetes comprising administering (1) an effective amount of a compound having 
a partial structure represented by Formula: 



(A-l) 

wherein — is a single bond or double bond or a salt thereof in combination with (2) an effective amount of a drug 
selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial 
agents, antifungal agents and antidiabetic agents to a mammal, 

[46] a method for preventing or treating inflammatory diseases comprising administering (1) an effective amount 
of the compound according to the above-mentioned [1 ] or a salt thereof in combination with (2) an effective amount 
of a drug selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, 
antibacterial agents, antifungal agents and antidiabetic agents to a mammal, 

[47] a method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid ar- 
thritis, autoimmune disease or diabetes comprising administering (1) an effective amount of the compound ac- 
cording to the above-mentioned [1] or a salt thereof in combination with (2) an effective amount of a drug selected 
from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial agents, 
antifungal agents and antidiabetic agents to a mammal, 

[48] a method for preventing or treating inflammatory diseases comprising administering (1) an effective amount 
of the compound according to the above-mentioned [2] or a salt or prodrug thereof in combination with (2) an 
effective amount of a drug selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflam- 
matory agents, antibacterial agents, antifungal agents and antidiabetic agents to a mammal, 
[49] a method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid ar- 
thritis, autoimmune disease or diabetes comprising administering (1) an effective amount of the compound ac- 
cording to the above-mentioned [2] or a salt or prodrug thereof in combination with (2) an effective amount of a 
drug selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, anti- 
bacterial agents, antifungal agents and antidiabetic agents to a mammal, 
[50] a use of a compound having a partial structure represented by Formula: 





wherein — is a single bond or double bond or a salt thereof for producing a phosphodiesterase IV inhibitor, 
[51] a use of a compound having a partial structure represented by Formula: 
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*o wherein is a single bond or double bond or a salt thereof for producing a prophylactic or therapeutic agent 

against inflammatory diseases, 

[52] a use of a compound having a partial structure represented by Formula: 




wherein — is a single bond or double bond or a salt thereof for producing a prophylactic or therapeutic agent 
against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease or di- 
abetes, 

25 [53] a use of the compound according to the above-mentioned [1 ] or a salt thereof for producing a phosphodieste- 

rase IV inhibitor, 

[54] a use of the compound according to the above-mentioned [1] or a salt thereof for producing a prophylactic or 
therapeutic agent against inflammatory diseases, 

[55] a use of the compound according to the above-mentioned [1] or a salt thereof for producing a prophylactic or 
30 therapeutic agent against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoim- 

mune disease or diabetes, 

[56] a use of the compound according to the above-mentioned [2] or a salt or prodrug thereof for producing a 
phosphodiesterase IV inhibitor, 

[57] a use of the compound according to the above-mentioned [2] or a salt or prodrug thereof for producing a 
35 prophylactic or therapeutic agent against inflammatory diseases, 

[58] a use of the compound according to the above-mentioned [2] or a salt or prodrug thereof for producing a 
prophylactic or therapeutic agent against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid 
arthritis, autoimmune disease or diabetes, 
[59] a compound represented by Formula: 

40 



45 



50 




wherein each of R 2a and R 3a is an optionally substituted aliphatic hydrocarbon group or acyl group, 

R 4a is a hydrogen atom, optionally substituted hydrocarbon group, acyl group or optionally substituted hydroxy 

group, 

R 5a is an optionally substituted hydrocarbon group, acyl group, optionally substituted heterocyclic group or 
halogen atom, 
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Each of R 6a , R 7a , R 8a and R 9a is a hydrogen atom or optionally substituted hydrocarbon group, 
X a is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, or by For- 
mula: 



10 



15 




wherein each of R 2a and R 3a is an optionally substituted aliphatic hydrocarbon group or acyl group, 

R 4a is a hydrogen atom, optionally substituted hydrocarbon group, acyl group or optionally substituted hydroxy 

group, 

20 R5a j S an optionally substituted hydrocarbon group, acyl group, optionally substituted heterocyclic group or 

halogen atom, 

Each of R 6a , R 7a , R 8a and R 9a is a hydrogen atom or optionally substituted hydrocarbon group, 
X a is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, 
Z is an optionally substituted hydroxy group or halogen atom, or a salt thereof, 

25 

[60] the compound according to the above-mentioned [59] 
wherein: 

each of R 2a and R 2b is any of the following (i) to (ii): 

30 

(i) a C^e alkyl group or C 3 . 6 cycloalkyl group which may have 1 to 5 substituent(s) selected from the group 
(hereinafter referred to as Substituent Group B) consisting of (1 ) a halogen atom, (2) a alkylenedioxy 
group, (3) a nitro group, (4) an optionally halogenated C^. 6 alkyl group, (5) a C 3 . 6 cycloalkyl group, (6) a 
c 6-h ar y' 9 rou P. (?) an optionally halogenated C^.g alkoxy group, (8) an optionally halogenated C^g 

35 alkylthio group, (9) a hydroxy group, (10) an amino group, (11) a mono-C v6 alkylamino group, (12) a 

mono-C 6 . 14 arylamino group, (13) a di-C.,_ 6 alkylamino group, (14) a di-C 6 . 14 arylamino group, (15) an 
acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, C v6 
alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, Cg_ 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy-car- 
bonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 

4 o from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl carbamoyl, 

C 6 . 14 aryl-carbamoyl, a (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C3_ 6 cy- 
cloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, a (5- or 6-membered heterocycle having, in addition 

45 to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, 

thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- 
or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from ni- 
trogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 
arylsulfamoyl, C^g alkylsulfonyl, Cg. 14 arylsulfonyl, C^g alkylsulfinyi, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^g 

50 alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, C-j.g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, (1 6) an acylamino group 

selected from formylamino, C^g alkyl-carboxamido, Cg_ 14 aryl-carboxamido, C^g alkoxy-carboxamido, 
C^g alkylsulfonylamino and C 6 . 14 arylsulfonylamino, (17) an acyloxy group selected from C^g alkyl-car- 
bonyloxy, C 6 . 14 aryl-carbonyloxy, C^g alkoxy-carbonyloxy, mono-C^g alkyl-carbamoyloxy, di-C^g alkyl- 
carbamoyloxy, C 6 . 14 aryl-carbamoyloxy and nicotinoyloxy, (18) a 4- to 14-membered heterocyclic group 

55 having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms, 

(19) a phosphono group, (20) a Cg. 14 aryloxy group, (21) a di-C v6 alkoxy-phosphoryl group, (22) a C 6 . 14 
arylthio group, (23) a hydrazino group, (24) an imino group, (25) an oxo group, (26) an ureido group, (27) 
a C^g alkyl-ureido group, (28) a di-C^g-alkyl-ureido group, (29) an oxide group and (30) a group formed 



24 



EP 1 270 577 A1 



by binding 2 or 3 groups selected from (1) to (29) listed above, 

(ii) an acyl group selected from formyl, carboxy, carbamoyl, C-j.g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, Cg_ 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, Cg_ 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl-carbamoyl, 
C 6 . u ary I -carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkylthiocarbonyl, C 3 . 6 cy- 
cloalkyl-thiocarbonyl, C V6 alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C-j.g alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g alkylsulfinyl, Cg_ 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group B described above; 

a is (i) a hydrogen atom, 

(ii) a C^g alkyl group, C 3 . 6 cycloalkyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 
5 substituent(s) selected from Substituent Group B described above, 

(iii) an acyl group selected from formyl, carboxy, carbamoyl, alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms) -carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl-carbamoyl, 
C 6 . 14 aryl -carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-caruamoyl, C.,. 6 alkyl-thiocarbonyl, C 3 . 6 cy- 
cloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C^g alkylsulfonyl, Cg_ 14 arylsulfonyl, Cj. 6 alkylsulfinyl, Cg_ 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent^) selected from Substituent Group B described above; 

(iv) a group represented by Formula: -OR 4 *' 
(R 48 * is 

<1> a hydrogen atom, 

<2> a C^g alkyl group, C 3 . 6 cycloalkyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 
1 to 5 substituent(s) selected from Substituent Group B described above, or, 
<3> an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-car- 
bonyl, C v6 alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 
aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 het- 
eroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, 
di-C<,.g alkyl-carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms) -carbamoyl, C^g 
alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, Cg_ 14 aryl-thiocarbonyl, 
C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-mem- 
bered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-Cj.g alkyl-thiocarbamoyl, di-Cj_g alkyl- 
thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon 
atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mo- 
no-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, Cg_ 14 arylsulfamoyl, C^g alkylsulfonyl, Cg. 14 arylsulfo- 
nyl, C^g alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^g alkoxysulfinyl, Cg_ 14 aryloxysulfinyl, C^g 
alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 substituent(s) selected from Substit- 
uent Group B described above); 
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R 5 is any of the following (i) to (iv): 

(i) a C^g alkyl group, C 3 . 6 cycloalkyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 
5 substituent(s) selected from Substituent Group B described above, 

(ii) an acyl group selected from formyl, carboxy, carbamoyl, C,_ 6 alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, Cg_ 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^.g alkyl carbamoyl, 
C 6 . 14 aryl -carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C 3 . 6 cy- 
cloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C v6 alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C^g alkylsulfonyl, Cg. 14 arylsulfonyl, C^g alkylsulfinyl, Cg_ 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group B described above, 

(iii) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from 
Substituent Group B described above, 

(iv) a halogen atom; 

each of R 6a , R 7a , R 8a and R 9a is (i) a hydrogen atom or (ii) a C^g alkyl group, C 3 . 6 cycloalkyl group, C 6 . 14 aryl 
group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substituent Group B described 
above, 
X a is 

(i) a bond, 

(ii) an oxygen atom, 

(iii) an optionally-oxidized sulfur atom, 

(iv) a nitrogen atom which may have a C^g alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cy- 
cloalkyl group, C 3 . 6 cycloalkenyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 
substituent(s) selected from Substituent Group B described above, 

(v) a nitrogen atom having an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, 
C 3 . 6 cycloalkyl-carbonyl, C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy- 
carbonyl, C 7 . 16 aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 
1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-car- 
bamoyl, di-C^g alkyl-carbamoyl, Cg_ 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition 
to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g 
alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 ar- 
alkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered hetero- 
cycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 ar- 
yl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g 
alkylsulfamoyl, C 6 . 14 arylsulfamoyl, C^g alkylsulfonyl, C 6 . 14 arylsulfonyl, C^g alkylsulfinyl, Cg_ 14 arylsulfi- 
nyl, sulfino, sulfo, C^g alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, 
which may have 1 to 5 substituent(s) selected from Substituent Group B described above, or, 

(vi) a nitrogen atom having a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) se- 
lected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may contain 1 to 5 sub- 
stituent^) selected from Substituent Group B described above; 

Z is (i) a group represented by Formula: -OZ a 
(Z a is 

<1> a hydrogen atom, 
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<2> a C^g alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, cycloalkyl group, C 3 . 6 cycloalkenyl 
group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substit- 
uent Group B described above, or, 

<3> an acyl group selected from formyl, carboxy, carbamoyl, C^.g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, C 6 . u aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, Cg_ 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^ alkyl-carbamoyl, 
c 6-u aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C^g cy- 
cloalkyl-thiocarbonyl, C^ s alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C V6 alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyl, C 6 _ 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C^g alkylsulfonyl, Cg. 14 arylsulfonyl, C^g alkylsulfinyl, Cg_ 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above) or (ii) a halogen atom group, 

[61] the compound according to the above-mentioned [59] 
wherein: 

each of R 2a and R 3a is (1 ) a 0^ 6 alkyl group which may be substituted by <1> a halogen atom, <2> a hydroxy 
group which may be substituted by a substituent selected from a C^g alkyl, C^g alkyl-carbonyl, C^g alkylsul- 
fonyl and C 7 . 16 aralkyl, <3> an amino group which may be substituted by 1 or 2 C^g alkyl, C^g alkyl-carbonyl 
and C 6 . 14 aryl-carbonyl, <4> a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected 
from nitrogen, oxygen and sulfur atoms in addition to carbon atoms, <5> a thio group which may be substituted 
by alkyl, <6> a C^g alkyl-sulfinyl group or <7> a C^g alkyl-sulfonyl group or (2) a C^g alkoxy-carbonyl 
group, 

R 4a is (i) a hydrogen atom, (ii) a C^g alkyl group [this C^g alkyl group may have a substituent selected from 
(1 ) a halogen atom, (2) a C^g alkoxy group, (3) a hydroxy group, (4) an amino group, (5) a mono-C^g alkylamino 
group, (6) a di-C^g alkylamino group, (7) a 4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an oxo, (8) 
a C 6 . 14 arylthio, (9) an ureido, (10) a carboxy, (11) a carbamoyl, (12) a C^g alkoxy-carbonyl, (13) a mono-C^g 
alkyl-carbamoyl, (14) a formylamino and (15) a C^g alkyl-carboxamido] or (iii) a formyl group; 
X a is a bond, oxygen atom, optionally oxidized sulfur atom, -NH- or -N(methyl)-, 
R 5a is, 

when X a is a bond, then (i) a C^g alkyl group or (ii) a halogen atom, 

when X a is an oxygen atom, then (i) a C^g alkyl group [this C^g alkyl group may have a substituent selected 
from (1) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a carbamoyl, (6) a C^g 
alkoxy-carbonyl, (7) a mono-C^g alkyl-carbamoyl, (8) a di-C^g alkyl-carbamoyl, (9) a 4- to 10-membered 
heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atoms], (ii) a C 3 . 6 cycloalkyl group, (iii) a C 7 . 16 aralkyl group, (iv) a C^g alkyl-carbonyl group, (v) a 
C 6 _ 14 aryl-carbonyl group, (vi) a C^g alkoxy-carbonyl group, (vii) a mono- or di-C^g alkyl-thiocarbamoyl group, 
(viii) an optionally halogenated C^g alkyl-sulfonyl group or (ix) a 4- to 10-membered heterocyclic group con- 
taining 1 to 4 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this 
heterocyclic group may have a C 6 . 14 aryl], 

when X a is an optionally oxidized sulfur, then (i) a C^g alkyl group or (ii) a mono- or di-C^g alkyl-carbamoyl 
group, 

when X a is -NH- or -N(methyl)-, then (i) a C^g alkyl group [this C 1<6 alkyl group may have a C^g alkoxy- 
carbonyl], (ii) formyl, (iii) a C^g alkyl-carbonyl group, (iv) a C^g alkoxy-carbonyl group, (v) a carbamoyl group, 
(vi) a mono- or di-C^g alkyl-carbamoyl group or (vii) a C^ G alkyl-sulfonyl group, 
each of R 6a , R 7a , R 83 and R 9a is a hydrogen atom or C^g alkyl group, 

Z is (i) a hydroxy group which may be substituted by a C v6 alkyl-carbonyl or (ii) a halogen atom, 

[62] a use of the compound according to the above-mentioned [59] or a salt thereof for producing the compound 
according to the above-mentioned [2] or a salt thereof. 
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[001 1 ] Furthermore, the invention also provides: 

[63] a compound having a partial structure represented by Formula: 




(I) 



15 



20 



25 



wherein each of Ring A, Ring B and Ring C may have substituents or a salt thereof, 

[64] the compound according to the above-mentioned [63] wherein the substituents on Ring A, Ring B and Ring 
C are 1 to 5 substituent(s) selected from the group consisting of (1) an optionally substituted hydrocarbon group, 
(2) an optionally substituted heterocyclic group, (3) an optionally substituted amino group, (4) an acyl group, (5) 
an optionally substituted hydroxy group, (6) an optionally substituted sulfenyl group, (7) a halogen atom, (8) a 
lower alkylenedioxy group, (9) a nitro group, (10) a cyano group, (11) an optionally substituted imino group, (12) 
an oxo group, (13) an optionally substituted ureido group, (14) an azide group, (15) an optionally substituted amid- 
ino group, (16) an optionally substituted guanidino group, (17) an optionally substituted hydrazino group and (18) 
an oxide group, 

[65] the compound according to the above-mentioned [64], in which the substituent is a group selected from Sub- 
stituent Group A, 

[66] the pharmaceutical composition according to the above-mentioned [23] wherein Compound (A-1) is a com- 
pound represented by Formula: 



30 



35 




(I-D 



40 



wherein — is a single bond or double bond and each of Ring A, Ring B and Ring C may have substituent(s) or 
a salt thereof, 

[67] the pharmaceutical composition according to the above-mentioned [23] wherein Compound (A-1) is a com- 
pound represented by Formula: 



45 



50 




, (0)n 
N (l'-1) 



wherein — is a single bond or double bond and other symbols are defined as described in Claim 2. 

[001 2] Furthermore, when any of Compounds (A), (I), (I 1 ), (A-1 ). (1 -1 ). (M ) or their salts contains asymmetric carbon 
atom in its structure, any of the optically active forms and racemic forms is encompassed in the invention, and Com- 
pounds (A), (I), (I'), (A-1). (1-1), (M) or their salts maybe hydrates or anhydrides. 
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BEST MODE FOR EMBODYING THE INVENTION 

[0013] A compound according to the invention has a partial structure represented by Formula: 




(A) 



which is represented typically by Formula: 




(i) 



wherein each symbol is defined as described above. 

[0014] In the formula shown above, each of Ring A, Ring B and Ring C may have a substitutable number of substit- 
uents in any substitutable positions. 

[0015] Each of such substituents on Ring A, Ring B and Ring C is: 



(1) an optionally substituted hydrocarbon group, 

(2) an optionally substituted heterocyclic group, 

(3) an optionally substituted amino group, 

(4) an acyl group, 

(5) an optionally substituted hydroxy group, 

(6) an optionally substituted sulfinyl group, 

(7) a halogen atom (for example, fluorine, chlorine, bromine, iodine), 

(8) a lower alkylenedioxy group (for example, a alkylenedioxy group such as methylenedioxy, ethylenedioxy, 
etc.), 

(9) a nitro group, 

(10) a cyano group, 

(11) an optionally substituted imino group, 

(12) an oxo group, 

(13) an optionally substituted ureido group, 

(14) an azide group, 

(15) an optionally substituted amidino group, 

(16) an optionally substituted guanidino group, 

(17) an optionally substituted hydrazino group, 

(18) an oxide group and the like. 



[0016] A hydrocarbon group in an "optionally substituted hydrocarbon group" employed as a substituent on Ring A, 
Ring B and Ring C may for example be a linear or cyclic hydrocarbon group such as an alkyl group, alkenyl group, 
alkynyl group, cycloalkyl group, aryl group and aralkyl group, with a linear (straight or branched) or cyclic hydrocarbon 
group having 1 to 16 carbon atoms (e.g., aromatic hydrocarbon group, aliphatic cyclic hydrocarbon group) being pre- 
ferred. Typically, those listed below are employed. 



(1) Linear hydrocarbon groups: 



[0017] 



a) alkyl groups [preferably, lower alkyl groups (for example, alkyl groups such as methyl, ethyl, propyl, iso- 
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propyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, etc.)], 

b) alkenyl groups [preferably, lower alkenyl groups (for example, C 2 . 6 alkenyl groups such as vinyl, allyl, isopro- 
penyl, 2-butenyl, 2-methyl-2-propenyl, 4-pentenyl, 5-hexenyl, etc.)], 

c) alkynyl groups [preferably, lower alkynyl groups (for example, C 2 . 6 alkynyl groups such as propargyl, ethynyl, 
2-butynyl, 2-hexynyl)], 

(2) Aliphatic cyclic hydrocarbon groups: 
[0018] 

a) cycloalkyl groups [preferably, lower cycloalkyl group (for example, C 3 . 6 cycloalkyl groups such as cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, etc.), each of which may be fused with a benzene ring], 

b) cycloalkenyl groups [preferably, lower cycloalkenyl group (for example, cycloalkenyl groups such as 1-cy- 
clopropenyl, 1-cyclobutenyl, 1-cyclopentenyl, 1-cyclohexenyl, etc.), each of which may be fused with a benzene 
ring], 

(3) Aromatic hydrocarbon groups: 
[0019] 

aryl groups (for example, C 6 .i 4 aryl groups such as phenyl, 1 -naphthyl, 2-naphthyl, 1 -anthryl, 2-anthryl, 9-anthryl, 
1-phenanthryl, 2-phenanthryl, 3-phenanthryl, 4-phenanthryl or 9-phenanthryl, preferably phenyl group), 

(4) Aralkyl groups: 
[0020] 

lower aralkyl groups (for example, C 7 . 16 aralkyl groups such as benzyl, phenethyl, diphenylmethyl, 1-naphthylme- 
thyl, 2-naphthylmethyl, 2-phenethyl, 2,2-diphenyiethyl, 1-phenylpropyl, 2-phenylpropyl, 3-phenylpropyl, 4-phenyl- 
butyl, 5-phenylpentyl, preferably benzyl group). 

[0021 ] A substituent on each of the hydrocarbon groups listed above which is employed preferably may for example 
be 1 to 5, preferably 1 to 3 group(s) selected from the group (Substituent Group A) consisting of (1) a halogen atom 
(for example, fluorine, chlorine, bromine, iodine), (2) a lower alkylenedioxy group (for example, a alkylene dioxy 
group such as methylenedioxy, ethylenedioxy, etc.), (3) a nitro group, (4) a cyano group, (5) an optionally halogenated 
lower alkyl group, (6) an optionally halogenated lower alkenyl group, (7) an optionally halogenated lower alkynyl group, 
(8) a lower cycloalkyl group (for example, a C3.6 cycloalkyl group such as cyclopropyl, cyclobutyl, cyclopentyl, cy- 
clohexyl, etc.), (9) a C 6 . 14 aryl group (e.g., phenyl, 2-naphthyl, etc.), (1 0) an optionally halogenated lower alkoxy group, 
(11) an optionally halogenated lower alkylthio group, (12) a hydroxy group, (13) an amino group, (14) a mono-lower 
alkylamino group (e.g., mono-C^g alkylamino group such as methylamino, ethylamino, propylamino, isopropylamino, 
butylamino, etc.), (15) a mono-C 6 _ uu arylamino group (e.g., phenylamino, 2-naphthylamino, etc.), (16) di-lower 
alkylamino group (e.g., di-C^.g alkylamino group such as dimethylamino, diethylamino, dipropylamino, dibutylamino, 
ethylmethylamino, etc.), (17) a di-C 6 _ 14 arylamino group (e.g., diphenylamino, di(2-naphthyl)amino, etc.), (18) an acyl 
group, (19) an acylamino group, (20) an acyloxy group, (21) a 4- to 14-membered heterocyclic group (preferably 4- to 
10-membered, more preferably 4- to 7-membered, especially 5- or 6-membered heterocyclic group) (e.g., 4- to 10-mem- 
bered, more preferably 4- to 7-membered, especially 5- or 6-membered heterocyclic group containing 1 to 4 heteroatom 
(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms, such as 4-pyridyl, 2-thienyl, 
2-furyl, 2-thiazolyl, 3-indolyl, morpholino, piperazin-1 -yl, piperidino, pyrrolidin-1 -yl, 2-isoindolinyl, etc.), (22) a phospho- 
no group, (23) a Cg. 14 aryloxy group (e.g., phenoxy), (24) a di-C^.g alkoxyphosphoryl group (e.g. , dimethoxyphosphoryl, 
diethoxyphosphoryl, etc.), (25) a C 6 . 14 arylthio group (e.g., phenyithio), (26) a hydrazino group, (27) an imino group, 
(28) an oxo group, (29) an ureido group, (30) a C^g alkyl-ureido group (e.g., methylureido, ethylureido), (31) a di-C^g 
alkylureido group (e.g., dimethylureido, diethylureido, etc.), (32) an oxide group, (33) a group formed by binding 2 or 
3 groups selected from (1 ) to (32) listed above. 

[0022] An "optionally halogenated lower alkyl group" in Substituent Group A described above may for example be 
a lower alkyl group which may have 1 to 3 halogen atom(s) (for example, fluorine, chlorine, bromine, iodine) (for ex- 
ample, a C^g alkyl group'such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, 
etc.), and those exemplified typically are methyl, chloromethyl, difluoromethyl, trichloromethyl, trifluoromethyl, ethyl, 
2-bromoethyl, 2,2,2-trifluoroethyl, propyl, 3,3,3-trifluoropropyl, isopropyl, butyl, 4,4,4-trifluorobutyl, isobutyl, sec-butyl, 
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tert-butyl, pentyl, isopentyl, neopentyl, 5,5,5-trifluoropentyl, hexyl, 6,6,6-trifluorohexyl and the like. 

[0023] An "optionally halogenated lower alkenyl group" in Substituent Group A described above may for example 

be a lower alkenyl group which may have 1 to 3 halogen atom(s) (for example, fluorine, chlorine, bromine, iodine) (for 

example, a C 2 . 6 alkenyl group such as vinyl, allyl, isopropenyl, 2-butenyl, 2-methyl-2-propenyl, 4-pentenyl, 5-hexenyl, 

etc.). 

[0024] An "optionally halogenated lower alkynyl group" in Substituent Group A described above may for example be 
a lower alkynyl group which may have 1 to 3 halogen atom(s) (for example, fluorine, chlorine, bromine, iodine) (for 
example, a C 2 .g alkynyl group such as propargyl, ethynyl, 2-butynyl, 2-hexynyl). 

[0025] An "optionally halogenated lower alkoxy group" in Substituent Group A described above may for example be 
a lower alkoxy group which may have 1 to 3 halogen atom(s) (e.g., fluorine, chlorine, bromine, iodine) (for example, a 
C,. 6 alkoxy group such as methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentyloxy, 
isopentyloxy, neopentyloxy, etc.), and those exemplified typically are methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, tert-butoxy, trichloromethoxy, 3,3,3-trifluoropropoxy, 4,4,4-trifluorobutoxy, 5,5,5-trifluoropenty- 
loxy, 6,6,6-trifluorohexyloxy and the like. 

[0026] An "optionally halogenated lower alkylthio group" in Substituent Group A described above may for example 
be a C^q alkylthio group which may have 1 to 3 halogen atoms (e.g., fluorine, chlorine, bromine, iodine) (for example, 
a C^g alkylthio group such as methylthio, ethylthio, propylthio, isopropylthio, butylthio, isobutylthio, sec-butylthio, tert- 
butylthio, etc.), and those exemplified typically are methylthio, difluoromethylthio, trifluoromethylthio, ethylthio, pro- 
pylthio, isopropylthio, butylthio, 4,4,4-trifluorobutylthio, pentylthio, hexylthio and the like. 

[0027] An "acyl group" in Substituent Group A employed preferably may for example be formyl, carboxy, carbamoyl, 
C^e alkyl-carbonyl (e.g., acetyl, propionyl, etc.), C 3 . 6 cycloalkyl-carbonyl (e.g., cyclopentylcarbonyl, cyclohexylcarbo- 
nyl, etc.), C^.g alkoxy-carbonyl (e.g., methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl, tert-butoxycarbonyl, etc.), 
c 6-u aryl-carbonyl (e.g., benzoyl, 2-naphthoyl, etc.), C 7 . 16 aralkyl-carbonyl (e.g. , phenylacetyl, 3-phenylpropionyl, etc.), 
C 6-14 aryloxy-carbonyl (e.g., phenoxycarbonyl, 2-naphthyloxycarbonyl), C 7 . 16 aralkyloxy-carbonyl (e.g., benzyloxycar- 
bonyl, 2-naphthylmethyloxycarbonyl, etc.), 5- or 6-membered heterocyclic carbonyl (e.g., (5- or 6-membered hetero- 
cyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to 
carbon atoms)-carbonyl such as 1-pyrrolidinylcarbonyl, 4-piperidylcarbonyl, 1-piperazinylcarbonyl, 2-morpholinylcar- 
bonyl, 4-pyridyIcarbonyl, 3-thienylcarbonyl, 2-furylcarbonyl, 2-thiazolylcarbonyl, etc.), mono-C^.g alky I -carbamoyl (e. 
g., methylcarbamoyl, ethylcarbamoyl, etc.), di-C^.g alkyl-carbamoyl (e.g., dimethylcarbamoyl, diethylcarbamoyl, etc.), 
C 6 _ 14 aryl-carbamoyl (e.g., phenylcarbamoyl, 2-naphthylcarbamoyl), 5-or 6-membered heterocyclic carbamoyl (e.g., 
(5- or 6-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms 
and the like in addition to carbon atoms)-carbamoyl such as 1 -pyrrolidinylcarbamoyl, 4-piperidylcarbamoyl, 1-piperazi- 
nylcarbamoyl, 2-morpholinylcarbamoyl, 4-pyridylcarbamoyl, 3-thienylcarbamoyl, 2-furylcarbamoyl, 2-thiazolylcar- 
bamoyl, etc.), C^.g alkyl-thiocarbonyl (e.g., methylthiocarbonyl, etc.), C 3 . 6 cycloalkyl-thiocarbonyl (e.g., cyclopentylth- 
iocarbonyl, cyclohexylthiocarbonyl, etc.), C v6 alkoxy-thiocarbonyl (e.g., methoxythiocarbonyl, ethoxythiocarbonyl, pro- 
poxythiocarbonyl, butoxythiocarbonyl, etc.), Cg_ u aryl-thiocarbonyl (e.g., phenylthiocarbonyl, 2-naphthylthiocarbonyl, 
etc.), C 7 . 16 aralkyl-thiocarbonyl (e.g., benzylthiocarbonyl, phenethylthiocarbonyl), C 6 . 14 aryloxy-thiocarbonyl (e.g., phe- 
noxythiocarbonyl, 2-naphthyloxythiocarbonyl), Cy.-jg aralkyloxy-thiocarbonyl, (e.g., benzyloxythiocarbonyl, 2-naphthyl- 
methyloxythiocarbonyl), 5- or 6-membered heterocyclic thiocarbonyl, (e.g., (5- or 6-membered heterocyclic group con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms)- 
thiocarbonyl such as 1-pyrrolidinylthiocarbonyl, 4-piperidylthiocarbonyl, 1-piperazinylthiocarbonyl, 2-morpholinylthio- 
carbonyl, 4-pyridylthiocarbonyl, 3-thienylthiocarbonyl, 2-furylthiocarbonyl, 2-thiazolylthiocarbonyl, etc.), thiocarbamoyl, 
mono-C^g alkyl-thiocarbamoyl (e.g., methylthiocarbamoyl, ethylthiocarbamoyl), di-C^g alkyl-thiocarbamoyl (for exam- 
ple, dimethylthiocarbamoyl, diethylthiocarbamoyl), C 6 . 14 aryl-thiocarbamoyl (e.g., phenylthiocarbamoyl, 2-naphthylth- 
iocarbamoyl), sulfamoyl, mono-C^g alkyl-sulfamoyl (e.g., methylsulfamoyl, ethylsulfamoyl), di-C^g alkyl-sulfamoyl (e. 
g., dimethylsulfamoyl, diethylsulfamoyl, etc.), C 6 . 14 aryl-sulfamoyl (e.g., phenylsulfamoyl), C^g alkylsulfonyl (e.g., 
methylsulfonyl, ethylsulfonyl, etc.), Cg. 14 arylsulfonyl (e.g., phenylsulfonyl, 2-naphthylsulfonyl), C^g alkylsulfinyl (e.g., 
methylsulfinyl, ethylsulfinyl), C 6 . 14 arylsulfinyl (e.g., phenylsulfinyl, 2-naphthylsulfinyl, etc.), sulfino, sulfo, C^g alkox- 
ysulfinyl (e.g., methoxysulfinyl, ethoxysulfinyl), Cg. 14 aryloxysulfinyl (e.g., phenoxysulfinyl), C^g alkoxysulfonyl (e.g., 
methoxysulfonyl, ethoxysulfonyl) and C 6 . 14 aryloxysulfonyl (e.g., phenoxysulfonyl). Among those listed above, a C^. 7 
acyl group such as formyl, carboxy, C^g alkyl-carbonyl, C^g alkoxy-carbonyl, carbamoyl, mono-C^g alkylcarbamoyl, 
sulfamoyl and mono-C^ alkyl-sulfamoyl is preferred. 

[0028] An "acylamino group" in Substituent Group A may for example be formylamino, optionally halogenated C^g 
alkyl-carboxamido (e.g., acetamido, propionamido, 2-chloroacetamido, 2,2-dichloroacetamido, 2,2,2-trichloroacetami- 
do, etc.), Cg. 14 aryl-carboxamido (e.g., benzamido, 2-naphthylcarboxamido, etc.), C^galkoxy-carboxamido (e.g., meth- 
oxycarboxamido, ethoxycarboxamido, isopropoxycarboxamido.tert-butoxycarboxamido.etcO.C^galkylsulfonylamino 
(e.g., methylsulfonylamino, ethylsulfonylamino, etc.), bisJC^g alkylsulfonyl)amino (e.g., bis(methylsulfonyl)amino, bis 
(ethylsulfonyl)amino), C 6 . 14 arylsulfonylamino (e.g., phenylsulfonylamino, 2-naphthylsulfonylamino, etc.) and the like. 
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Among those listed above, a C 1-7 acylamino group such as formylamino, optionally halogenated C|_ 6 alkyl-carboxam- 
ido, C|. 6 alkoxy-carboxamido, C^_ 6 alkylsulfonylamino and bisfC^g alkylsulfonyl)amino is preferred. 
[0029] An "acyloxy group" in Substituent Group A described above may for example be a C^. G alkyl-carbonyloxy (e. 
g., acetyloxy, propionyloxy, etc.), Cg_ 14 aryl-carbonyloxy (e.g., benzoyloxy, 2-naphthoyloxy, etc.), C^g alkoxy-carbon- 
yloxy (e.g., methoxycarbonyloxy, ethoxycarbonyloxy, isopropoxycarbonyloxy, tert-butoxycarbonyloxy, etc.), mono-C^g 
alkyl-carbamoyloxy (e.g., methylcarbamoyloxy, ethylcarbamoyloxy, etc.), di-C^.g alkyl-carbamoyloxy (e.g., dimethyl- 
carbamoyloxy, diethylcarbamoyloxy, etc.) and Cg_ 14 aryl-carbamoyloxy (e.g., phenylcarbamoyloxy, 2-naphthylcar- 
bamoyloxy, etc.). Among those listed above, a C 2 . 7 acyloxy such as a C^g alkyl-carbonyloxy and C V g alkoxy-carbon- 
yloxy is preferred. 

[0030] A group formed by binding 2 or 3 groups selected from (1 ) to (32) listed above in Substituent Group A described 
above may for example be: 

(33a) a substituted C^g alkyl group [this C^g alkyl group has a substituent selected from cyano, carbamoyl, C^g 
alkyl-carbamoyl, C^.g alkyl-carbonyloxy, C^galkoxy-carbonyl-C^g alkyl-carbamoyl, 5- or6-membered heterocyclic 
ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like in addition to carbon atoms such as pyridyl, etc.J-C^g alkyl-carbamoyl, C^g alkylsulfonylamino, 
C^g alkoxy-carbonyl and carboxy, etc.], 

(33b) a substituted C 6 . 14 aryl group [this C 6 _ 14 aryl group has a substituent selected from amino, optionally halo- 
genated C^g alkyl-carbonylamino, ureido, C^g alkylsulfonylamino, (C^g alkyl)(C 1 . 6 alkylsulfonyl)amino and C^g 
alkoxy-carbonyl-C^g alkylamino, etc.], 
(33c) a C^g alkoxy-C 6 . 14 aryl-C 1a6 alkoxy group, 

(33d) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur, 
oxygen atoms and the like in addition to carbon atoms which has a substituent [this heterocyclic group has a 
substituent selected from oxo, carboxy-C^g alkyl, C^g alkyl-carbonyloxy-C^g alkyl, C^g alkyl, C^g alkoxy-carbo- 
nyl-C^g alkyl and C^g alkyl-carbamoyl-C^g alkyl], 
(33e) a group represented by Formula: -NR 12 R 13 

[each of R 12 and R 13 is (i) a 5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 
1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atomsJ-C^g 
alkyl, (ii) a C^g alkoxy-carbonyl-C^g alkyl, (iii) a di-C^g alkylamino-methylene-sulfamoyl-C 1 . 6 alkyl, (iv) a car- 
bamoyl-C^g alkyl, (v) a sulfamoyl-C^g alkyl, (vi) a C^g alkyl-sulfonyl, (vii) a C^g alkoxy-carbonyl, (viii) di-C^g 
alkoxy-carbonyl-C 2 .g alkenyl, (ix) a 5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic group 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon 
atoms) [this 5- or 6-membered heterocyclic group may have a substituent selected from amino, C^g alkyl-carbox- 
amido, C^g alkyl-sulfonylamino and the like], (x) an optionally halogenated C,_g alkyl-carbonyl, (xi) a C^g alkylth- 
io-C^g alkyl-carbonyl, (xii) a C^g alkylsulfinyl-C^g alkyl-carbonyl, (xiii) a C^g alkylsulfonyl-C^g alkyl-carbonyl, (xiv) 
an amino-C^g alkyl-carbonyl, (xv) an optionally halogenated C^g alkyl-carbonyl-amino-C^g alkyl-carbonyl, (xvi) 
a C 6 . 14 aryl-carbonyl (xvii) a carboxy-C 6 _ 14 aryl-carbonyl, (xviii) an optionally C^g alkyl-esterified phosphono-C^g 
alkyl-C 6 . 14 aryl-carbonyl, (xix) (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic group 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon 
atoms) which may have a C^g alkoxy-carbonyl)-carbonyl, (xx) a 5- or 6-membered heterocyclic ring (e.g., 5- or 
6-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
the like in addition to carbon atomsJ-Cj.g alkyl-carbonyl, (xxi) a C 6 . 14 aryl-oxy-carbonyl, (xxii) a carboxy-C^g alkyl, 
(xxiii) a carbamoyl and the like], 

(33f) a group represented by Formula: -CO-Hal (Hal is a halogen atom), 

(33g) a substituted sulfamoyl group [this sulfamoyl group has a substituent selected from carbamoyl-C^g alkyl, 
(5- or 6-membered heterocyclic ring)-C.,_g alkyl], 
(33h) a group represented by Formula: -C(=0)NR 14 R 15 

[each of R 14 and R 15 is (i) a (5- or6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 
1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such 
as pyridyl, imidazolyl, etc.^-C^g alkyl, (ii) a carboxy-C^g alkyl, (iii) a C^g alkoxy-carbonyl-C^g alkyl, (iv) a di-C^g 
alkylamino-C^g alkyl, (v) a carbamoyl-C^g alkyl, (vi) a C^g alkylcarbamoyl-C^g alkyl, (vii) a (5- or 6-membered 
heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur, oxygen atoms and the like in addition to carbon atoms such as pyridylJJ-C^g alkylcarbamoyl-C^g alkyl, (viii) 
a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as pyridyl))-amino-C 1 . 6 
alkyl, (ix) a sulfamoyl-C 6 . 14 aryl-C^g alkyl, (x) a C 6 . 14 aryl which may have a C t . 6 alkoxy, (xi) an optionally C^g 
alkyl-esterified phosphono-C^g alkyl-C 6 . 14 aryl, (xii) a 4- to 10-membered heterocyclic group (e.g., 4- to 10-mem- 
bered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like 
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in addition to carbon atoms) [this 4- to 1 0-membered heterocyclic group may have 1 to 2 substituent(s) selected 
from a halogen atom, C y6 alkyl, oxo and the like], (xiii) a C 6 . 14 aryl-carbamoyl-C^g alkyl and the like. As R 14 , a 
hydrogen atom is preferred]. 

5 [0031] An "optionally substituted heterocyclic group" employed as a substituent on Ring A, Ring B and Ring C may 
for example be a 4- to 14-membered heterocyclic group containing 1 to 4 (preferably 1 to 3) heteroatom(s) selected 
from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms, and those exemplified typically are (a) a 
4- to 14-membered aromatic heterocyclic group, (b) a 4- to 14-membered aliphatic heterocyclic group, (c) a bicyclic or 
tricyclic fused cyclic group of 4- to 14-membered heterocyclic ring(s) with benzene ring(s) and the like. 

10 [0032] Said 4- to 14-membered aromatic heterocyclic group may for example be a 4- to 14-membered aromatic 
heterocyclic group containing 1 to 4 (preferably 1 to 3) heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
the like in addition to carbon atoms, and those exemplified typically are thiophene, furan, indolizine, pyrrole, imidazole, 
triazole, thiazole, oxazole, pyrazole, pyridine, pyridine-N-oxide, pyrazine, pyrimidine, pyridazine, purine, 4H-quino- 
lizine, naphthyridine, isothiazole, isoxazole, furazane, etc. Among them, pyridine, thiophene, furan, etc. are preferred. 

15 [0033] Said 4- to 14-membered aliphatic heterocyclic group may for example be a 4- to 14-membered aliphatic 
heterocyclic group containing 1 to 4 (preferably 1 to 3) heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
the like in addition to carbon atoms, and those exemplified typically are pyrrolidine, piperidine, piperazine, morpholine, 
thiomorpholine, 1 ,2-dihydropyridine, imidazolidine and the like. 

[0034] Said bicyclic or tricyclic fused cyclic group of 4- to 14-membered heterocyclic ring(s) with benzene ring(s) 
20 may for example be a bicyclic or tricyclic fused cyclic group each containing 1 to 4 (preferably 1 to 3) heteroatom(s) 
selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms with benzene rings, and those 
exemplified typically are benzo[b]thiophene, benzofuran, 1H-benzimidazole, benzoxazole, benzothiazole, 1,2-benzi- 
sothiazole, naphtho[2,3-b]thiophene, thianthrene, xanthene, phenoxathiin, indole, isoindole, 1 H-indazole, isoquinoline, 
quinoline, phthalazine, quinoxaline, quinazoline, cinnoline, carbazole, p-carboline, phenanthridine, acridine, phena- 
25 zine, phenothiazine, phenoxazine, isochroman, dihydrobenzofuran and the like. 

[0035] Substituents on any of the heterocyclic groups listed above may be 1 to 5, preferably 1 to 3 group(s) selected 
from Substituent Group A described above. 

[0036] An "optionally substituted amino group" employed as a substituent on Ring A, Ring B and Ring C may for 
example be an amino group which may have 1 or 2 substituent(s) selected from an "optionally substituted hydrocarbon 
30 group" described above, an "optionally substituted heterocyclic group" described above and an "acyl group" in Sub- 
stituent Group A (this "acyl group" may further have 1 to 5, preferably 1 to 3 substituent(s) selected from Substituent 
Group A). 

[0037] An "acyl group" as a substituent on Ring A, Ring B and Ring C is one similar to an "acyl group" in Substituent 
Group A described above. Such an "acyl group" may further have 1 to 5, preferably 1 to 3 substituent(s) selected from 
35 Substituent Group A. 

[0038] A substituent on an "optionally substituted oxy group", "optionally substituted sulfinyl group", "optionally sub- 
stituted imino group", "optionally substituted ureido group", "optionally substituted amidino group", "optionally substi- 
tuted guanidino group" and "optionally substituted hydrazino group" employed as a substituent on Ring A, Ring B and 
Ring C is an "optionally substituted hydrocarbon group" described above, an "optionally substituted heterocyclic group" 
40 described above and an "acyl group" in Substituent Group A (this "acyl group" may further have 1 to 5, preferably 1 to 
3 substituent(s) selected from Substituent Group A), 

[0039] A compound in which each of Ring A, Ring B and Ring C has a substituent is typically a compound represented 
by Formula: 

45 



50 



55 




wherein each symbol is defined as described above. 

[0040] In the formula shown above, R 1 is (1) a hydrogen atom, (2) an optionally substituted hydrocarbon group, (3) 
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an optionally substituted heterocyclic group or (4) an optionally substituted amino group. 

[0041] An "optionally substituted hydrocarbon group" represented by R 1 may be one similar to an "optionally substi- 
tuted hydrocarbon group" exemplified as a substituent on Ring A. 

[0042] An "optionally substituted heterocyclic group" represented by R 1 may be one similar to an "optionally substi- 
tuted heterocyclic group" exemplified as a substituent on Ring A. 

[0043] An "optionally substituted amino group" represented by R 1 may be one similar to an "optionally substituted 
amino group" exemplified as a substituent on Ring A. 

[0044] Preferably, R 1 is (1) an optionally substituted aromatic hydrocarbon group, (2) an optionally substituted het- 
erocyclic group, (3) an optionally substituted alicyclic hydrocarbon group, (4) a group represented by Formula: -L-R 1a 
wherein L is methylene, carbonyl or an optionally substituted nitrogen atom, R 1a is a hydrogen atom, optionally sub- 
stituted aromatic group, optionally substituted hydroxy group or optionally substituted amino group. 
[0045] Each of an "optionally substituted aromatic hydrocarbon group" and "optionally substituted heterocyclic group" 
is preferably a group represented by Formula: 



wherein R 1b is a hydrogen atom, optionally substituted hydrocarbon group or optionally substituted heterocyclic group, 
Ring D is an optionally substituted aromatic hydrocarbon ring or optionally substituted heterocyclic ring, E is a bond, 
methylene, oxygen atom, optionally oxidized sulfur atom, optionally substituted nitrogen atom or group represented 
by Formula : -CS-O-, -CO-0-, -S-CO-, -(CH 2 ) k -CO-, -NR 1c -CO-(CH 2 ) m -, -NR 1c -S0 2 -(CH 2 ) m -, -S0 2 -NR 1c -(CH 2 ) m -, 
-0-CS-NR 1 c-(CH 2 ) m -, -NR 1 ^CO-NR^-(CH 2 ) m -, -NR^-CO-CH 2 -(CH 2 ) m -NR 1 c- wherein R 1c is a hydrogen atom, op- 
tionally substituted alkyl group or acyl group, k is 0 or 1 , m is an integer of 0 to 3, or a group represented by Formula: 



wherein Hal is a halogen atom, Ring D is defined as described above. 

[0046] An "aromatic hydrocarbon group" as a preferred group of R 1 may for example be a monocyclic or fused 
polycyclic aromatic hydrocarbon group having 6 to 1 4 carbon atoms (C 6 . 14 aryl group). Preferably, a Cg. 14 aryl may for 
example be phenyl, 1 -naphthyl, 2-naphthyl, 1 -anthryl, 2-anthryl, 9-anthryl, 1 -phenanthryl, 2-phenanthryl, 3-phenanthryl, 
4-phenanthryl, 9-phenanthryl and the like, with phenyl, 1 -naphthyl and 2-naphthyl, especially phenyl being preferred 
especially. 

[0047] As substituents on this "aromatic hydrocarbon group", 1 to 5, preferably 1 to 3 groups selected from Substituent 
Group A are employed. Among such substituents, one employed preferably is: 

(1) a halogen atom, 

(2) a nitro group, 

(3) a C^e alkyl group (methyl, isopropyl, tert-butyl and the like), 

[this C^e alkyl group may have a substituent selected from a halogen atom, cyano, carbamoyl, C^ 6 alkyl-car- 
bamoyl, C^ 6 alkyl-carbonyloxy, C^. 6 alkoxy-carbonyl-C^e alkyl-carbamoyl, (5- or 6-membered heterocyclic ring 
(e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like in addition to carbon atoms))-^ alkyl-carbamoyl, C^. 6 alkylsulfonylamino, C^ 6 alkoxy-carb- 
onyl, carboxy and the like], 

(4) a C 3 . 6 cycloalkyl group (e.g., cyclohexyl), 

(5) a C 6 . 14 aryl group (e.g., phenyl), 

[this C6_ 14 aryl group may have a substituent selected from amino, carboxy, C^ s alkoxy-carbonyl, carbamoyl, 
mono- or di-C^g alkylcarbamoyl, formylamino, C^g alkyl-carbonylamino which may have a halogen atom or car- 





C0-Hal 
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boxy (e.g., acetylamino, propionylamino, trifluoroacetylamino, pivaloylamino), Cg_ 14 aryl-carbonylamino (e.g., ben- 
zoylamino), Cj.g alkoxy-carbonylamino (e.g., methoxycarbonylamino), ureido, mono- or di-Cj.g alkylureido, C,. 6 
alkylsulfonylamino (e.g., methylsulfonylamino), {C^. 6 alkyl)(C 1-6 alkylsulfonyl)amino (e.g., methyl(methylsulfonyl) 
amino), {C^ 6 alkyl)(C 1 . 6 alkyl-carbonyl)amino (e.g., methyl (acetyl)amino), C^ 6 alkoxy-carbonyl-C^g alkylamino 
(e.g., 2-ethoxycarbonyl-2-propylamino), C 7 . 15 aralkyloxy-carbonylamino (e.g., benzyloxycarbonylamino), C^. s 
alkyl-carbonylamino-C 1 _ 6 alkyl-carbonylamino (e.g., acetylaminoacetylamino), C^g alkylthio-C^g alkyl-carbon- 
ylamino (e.g., methylthioacetylamino), C^. G alkyl-sulfinyl-C^g alkyl-carbonylamino (e.g., methylsulfinylacetylami- 
no), C^g alkyl-suIfonyl-C^g alkyl-carbonylamino (e.g., methylsulfonylacetylamino), C 6 _ 14 aryloxy-carbonylamino 
(e.g., phenoxycarbonylamino), hydroxy-C^g alkyl-carbamoyl (e.g., hydroxymethylcarbamoyl, hydroxyethylcar- 
bamoyl) and the like, and may have a substituent selected especially from amino, carboxy, C^g alkoxy-carbonyl, 
carbamoyl, mono- or di-C-j.g alkylcarbamoyl, formylamino, C^g alkyl-carbonylamino which may have a halogen 
atom or carboxy (e.g., acetylamino, propionylamino, trifluoroacetylamino, pivaloylamino), C-j.g alkoxy-carbonylami- 
no (e.g., methoxycarbonylamino), ureido, C^g alkylsulfonylamino (e.g., methylsulfonylamino), (C^g alkylJJC^g 
alkylsulfonyl)amino (e.g., methyl(methylsulfonyl)amino), (C^g alkylJJC^g alkyl-carbonyl)amino (e.g., methyl 
(acetyl)amino), C^g alkoxy-carbonyl-C^g alkylamino (e.g., 2-ethoxycarbonyl-2-propylamino), C 7 . 15 aralkyloxy-car- 
bonylamino (e.g., benzyloxycarbonylamino) and the like] 

(6) a C^g alkoxy group which may have a halogen atom or C^g alkoxy-C 6 . 14 aryl (e.g., methoxy, trifluoromethoxy, 
isopropoxy, 2-(4-methoxyphenyl)ethoxy) , 

(7) a C 6 . 14 aryloxy group (e.g., phenoxy), 

(8) a C^g alkylthio group which may have a carbamoyl (e.g., methylthio, carbamoylmethylthio), 

(9) a C^g alkylsulfinyl group which may have a carbamoyl (e.g., methylsulfinyl, carbamoylmethylsulfinyl), 

(10) a C 6 . 14 arylthio group (e.g., phenylthio), 

(11) a hydroxy group, 

(12) a 4- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like in addition to carbon atoms (e.g., pyrrolidinyl, piperidyl, isoindolinyl, furyl, thienyl, pyridyl, qui- 
nolyl, benzofuranyl, pyrimidinyl, tetrazolyl, imidazolidinyl, isothiazolidinyl, thiadiazolidinyl, azethinyl, etc.), 

[this heterocyclic group may have a substituent selected from oxo, carboxy-C^g alkyl, C-i.g alkyl-carbonyloxy-C^g 
alkyl, C^g alkyl, C^g alkoxy-carbonyl-C^g alkyl, C 1 . 6 alkoxy-carbonyl, carbamoyl-C^g alkyl, C^g alkyl-car- 
bamoyl-C^g alkyl, etc.], 

(13) a carboxy group, 

(14) a group represented by Formula: -CO-Hal (Hal is a halogen atom) (e.g., chloroformyl), 

(15) a C,.g alkyl-carbonyl group (e.g., acetyl), 

(16) a C^g alkyl-sulfonyl group (e.g., methylsulfonyl). 

(17) a C|.g alkoxy-carbonyl group (e.g., methoxycarbonyl), 

(18) a sulfamoyl group 

[this sulfamoyl group may have 1 or 2 substituent(s) selected from C^ 6 alkyl, carbamoyl-C^g alkyl, C,_ 6 alkoxy- 
carbonyl- C v6 alkyl, (5- to 7-membered heterocyclic group which may have an oxo groups (e.g., 5- to 7-membered 
heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in 
addition to carbon atoms such as pyridyl, pyrrolidinyl hexahydroazepinyl^-Cj.g alkyl, C^g alkyl-carbonylami- 
no-C 6 . 14 aryl], 

(19) a group represented by Formula: -NR a R b 

[each of R 8 and R b is (i) a hydrogen atom, (ii) a C^g alkyl, (iii) a (5- or 6-membered heterocyclic ring (e.g., 5- or 
6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
the like in addition to carbon atoms such as pyridyl))-^. 6 alkyl, (iv) a C^g alkoxy-carbonyl-C^g alkyl, (v) a di-C^g 
alkylamlno-methylene-sulfamoyl-C^g alkyl, (vi) a carbamoyl-Cj.g alkyl, (vii) a sulfamoyl-C-,. 6 alkyl, (viii) a C^g alkyl- 
sulfonyl, (ix) a C^g alkoxy-carbonyl, (x) a di-C^g alkoxy-carbonyl -C 2 . 6 alkenyl, (xi) a C 6 . 14 aryl, (xii) a 5- or 6-mem- 
bered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as pyridyl), [this 5- or 6-membered 
heterocyclic group may have a substituent selected from amino, C^g alkyl-carboxamido and C^g alkyl-sulfonylami- 
no and the like], (xiii) an optionally halogenated C^g alkyl-carbonyl, (xiv) a C^g alkylthio-C v6 alkyl-carbonyl, (xv) 
a C^g alkylsulfinyl-C^g alkyl-carbonyl, (xvi) a C-j.g alkylsulfonyl-C^g alkyl-carbonyl, (xvii) an amino-C^g alkyl-car- 
bonyl, (xviii) an optionally halogenated C,. 6 alkyl-carbonyl-amino-C^ alkyl-carbonyl, (xix) a C 6 . 14 aryl-carbonyl, 
(xx) acarboxy-Cg_ 14 aryl-carbonyl, (xxi) an optionally C^g alkyl-esterified phosphono-C^ alkyl-C 6 . 14 aryl-carbonyl, 
(xxii) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as pyrrolidinyl, 
pyridyl) which may have a halogen atom, oxo or a C^g alkoxy-carbonyl)-carbonyl, (xxiii) a (5- or 6-membered 
heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur, oxygen atoms and the like in addition to carbon atoms such as pyridyl^-C^g alkyl-carbonyl, (xxiv) a C 6 . 14 
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aryl-oxy-carbonyl, (xxv) a carboxy-C^g alkyl, (xxvi) a carbamoyl, (xxvii) an optionally halogenated C^, 6 alkylcar- 
bamoyl, (xxviii) a Cg_ 14 arylcarbamoyl which may have a C^ 6 alkyl-carbonylamino, (xxix) a (5- or 6-membered 
heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur, oxygen atoms and the like in addition to carbon atoms such as pyridyl))-carbamoyl, (xxx) a C 2 . 6 alkenyl- 

5 carbonyl, (xxxi) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 

heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as pyr- 
rolidinyl) which may have an oxo group)-amino-C-,. 6 alkyl-carbonyl, (xxxii) a (5- or 6-membered heterocyclic ring 
(e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like in addition to carbon atoms such as pyrrolidinyl) which may have an oxo group)(C.|. 6 alkyl) 

10 amino-C,_ 6 alkyl-carbonyl, (xxxiii) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring 

containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon 
atoms such as pyrrolidinyl) which may have an oxo group) (C^ alkylcarbonyl) amino-C^ alkyl-carbonyl, (xxxiv) 
a alkylthio-C^e alkylcarbonyl (sulfur atom may be oxidized), (xxxv) an optionally halogenated C^ G alkylsul- 
fonyl, (xxxvi) a sulfamoyl, (xxxvii) a C^. s alkylsulfamoyl and the like], 

15 (20) a group represented by Formula: -C(=0)NR c R d 

[each of R c and R d is (i) a hydrogen atom, (ii) a C^g alkyl, (iii) a (5- or 6-membered heterocyclic ring (e.g., 5- or 
6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
the like in addition to carbon atoms such as pyridyl, imidazolyl))-C 1 . 6 alkyl, (iv) a carboxy-C^g alkyl, (v) a C^g 
alkoxy-carbonyl-C^g alkyl, (vi) a di-C^g alkylamino-C^g alkyl, (vii) a carbamoyl-C^g alkyl, (viii) a C^g alkylcar- 

20 bamoyl-C^g alkyl, (ix) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 

1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such 
as pyridyl))-^. 6 alkylcarbamoyl-C^g alkyl, (x) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered het- 
erocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition 
to carbon atoms such as pyridyl))-amino-C 1 . 6 alkyl, (xi) a suffamoyl-Cg_ 14 aryl-C^g alkyl, (xii) a C 6 . u aryl which 

25 may have a C^g alkoxy, (xiii) an optionally C^g alkyl-esterified phosphono-C^g alkyl-C 6 . 14 aryl, (xiv) a 4- to 

10-membered heterocyclic group (e.g., 4- to 10-membered heterocyclic ring containing 1 to 3 heteroatom(s) se- 
lected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as azethinyl, pyrrolidinyl, 
piperidinyl, hexahydroazepinyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, 1-azabicyclo[2.2.2]octo-3-yl) [this 4- to 
10-membered heterocyclic group may have 1 to 2 substituent(s) selected from a halogen atom, C^g alkyl and 

30 oxo], (xv) a C 6 . 14 aryl-carbamoyl-C^g alkyl, (xvi) a hydroxy-C^g alkyl or (xvii) a (5- or 6-membered heterocyclic 

ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like in addition to carbon atoms such as pyrrolidinyl, pyridyl) which may have a oxo group)-car- 
bamoyt-C^g alkyl; and R c is preferably a hydrogen atom], 
(21) a cyano group, 

35 (22) a mono- or di-C^g alkylcarbamoylthio group (e.g., dimethylcarbamoylthio), 

(23) a mono- or di-C^g alkylthiocarbamoyloxy group (e.g., dimethylthiocarbamoyloxy). 

[0048] A "heterocyclic group" as a preferred group R 1 is preferably pyridyl, thienyl, furyl, imidazolyl, thiazolyl, quinolyl, 
1 ,2-dihydropyridyl, dihydrobenzofuranyl, benzodioxolyl, benzothiazolyl, piperidyl, piperazinyl and the like, with pyridyl 
40 and 1 ,2-dihydropyridyl being preferred especially. 

[0049] Preferred substituents on this "heterocyclic group" may for example be 1 to 5, preferably 1 to 3 groups selected 
from: 



(1) a halogen atom, 

(2) a C^g alkyl group (e.g., methyl, ethyl, etc.) 

[this alkyl may have a substituent selected from carboxy, C^g alkoxy, C^g alkoxy-carbonyl, mono-C^g alkyl-amino, 
di-C^g alkyl-amino, carbamoyl, C^g alkyl-carbamoyl which may have a hydroxy, 4- to 10-membered heterocyclic 
group (e.g., 4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, 
oxygen atoms and the like in addition to carbon atoms such as pyridyl, quinolyl, etc.) which may have oxo, (4- to 
10-membered heterocyclic group (e.g., 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as pyridyl, quinolyl))- 
carbamoyl, carbamoyl-C^g alkyl-carbamoyl, etc.], 

(3) a C^g alkoxy group (e.g., methoxy), 

(4) a C 6 . 14 aryl group (e.g., phenyl), 

(5) a C 7 . 16 aralkyl group (e.g., benzyl) 

[this C 7 . 16 aralkyl group may have a substituent selected from carboxy, C v g alkoxy-carbonyl, carbamoyl, alkyl- 
carbamoyl which may have a hydroxy, (4- to 10-membered heterocyclic group (e.g., 4- to 10-membered hetero- 
cyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition 
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to carbon atoms such as pyridyl))-carbamoyl and the like], 

(6) a 4- to 10-membered heterocyclic group (e.g., 4- to 10-membered heterocyclic group containing 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as pyridyl, 
quinolyl, isoquinolyl, etc.) 

5 [this 4- to 10-membered heterocyclic group may have a substituent selected from a C,_ 6 alkyl, C,. 6 alkoxy-carbonyl, 

carbamoyl, oxo, 4- to 10-membered heterocyclic group (e.g., 4- to 10-membered heterocyclic group containing 1 
to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as 
pyridyl, etc.)], 

(7) an oxo group, 
w (8) an oxide group. 

[0050] A heterocyclic group whose R 1 has an oxide group is preferably N-oxidized pyridyl and the like. 
[0051] An "alicyclic hydrocarbon group" as a preferred group R 1 is a C 3 . 6 cycloalkyl such as cyclopropyl, cyclobutyl, 
cyclopentyl and cyclohexyl, etc., with cyclopentyl and cyclohexyl being preferred especially. 
15 [0052] This "alicyclic hydrocarbon group" may have a substituent similar to a substituent which may be possessed 
by a hydrocarbon group represented by R 1 described above. 

[0053] Each of an "optionally substituted aromatic hydrocarbon group" and "optionally substituted heterocyclic group" 
as a preferred group R 1 is preferably a group represented by Formula: 

20 



25 




wherein each symbol is defined as described above. 
30 [0054] An "optionally substituted hydrocarbon group" represented by R 1b is a group similar to an "optionally substi- 
tuted hydrocarbon group" exemplified as a substituent on Ring A. Among such groups, those employed preferably are: 

(1) a alkyl group (e.g., methyl, isopropyl, tert-butyl, etc.) 

[this C^q alkyl group may have a substituent selected from a halogen atom, cyano, hydroxy, C^.g alkoxy-carbonyl, 
35 di-C^g alkylamino, optionally halogenated C^. 6 alkyl-carbonyl-amino, carboxy, carbamoyl, C^g alkyl-carbamoyl, 

C^g alkyl-carbonyloxy, C,_ 6 alkoxy-carbonyl-C-j.g alkyl-carbamoyl, (5- or6-membered heterocyclic ring (e.g., 5- or 
6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
the like in addition to carbon atoms such as pyridyl, imidazolyl^-C^g alkyl-carbamoyl, C<,_ 6 alkylthio, C^g alkyl- 
sulfinyl, C^g alkylsulfonylamino, (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring 
40 containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon 

atoms such as pyridyl))-C 1 . 6 alkylcarbamoyl, (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered hete- 
rocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition 
to carbon atoms such as pyridyl))-amino, sulfamoyl-C 6 . 14 aryl, carboxy-C 6 . 14 aryl, C^g alkoxy-carbonyl-C 6 . 14 aryl, 
carbamoyl-C 6 . 14 aryl, C^g alkyl-carbamoyl-C 6 _ 14 aryl which may have a hydroxy, (4- to 1 0-membered heterocyclic 
45 ring (e.g. 4- to 1 0-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 

atoms and the like in addition to carbon atoms such as pyridyl))-carbamoyl-C 6 _ 14 aryl], 

(2) a C 3 . 6 cycloalkyl group (e.g., cyclohexyl), 

(3) a C 6 . 14 aryl group (e.g., phenyl) 
[this 

^6-14 ar y' 9 rou P m sy have a substituent selected from C-j.g alkoxy (e.g., methoxy), amino, carboxy, optionally 
50 halogenated C V6 alkyl-carbonylamino (e.g., acetylamino, trifluoroacetylamino), C,_g alkoxy-carbonylamino (e.g., 

methoxycarbonylamino), formylamino, ureido, C^g alkylsulfonylamino (e.g., methylsufonylamino), (C-,_g alkyl)(C-,_ 6 
alkylsulfonyl) amino (e.g., methyl(methylsulfonyl)amino), C,. 6 alkoxy-carbonyl-C^g alkylamino (e.g., 2-ethoxycar- 
bonyl-2-propylamino, etc.), optionally C^g alkyl-esterified phosphono-C^g alkyl, mono- or di-C.,_g alkyl-carbamoyl, 
C 7 . 16 aralkyloxy-carbonylamino (e.g., benzyloxycarbonylamino, etc.)]. 

55 

[0055] An "optionally substituted heterocyclic group" represented by R 1b is one similar to an "optionally substituted 
heterocyclic group" exemplified as a substituent on Ring A. Among such groups, those employed preferably are a 5- 
to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
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the like in addition to carbon atoms (e.g., azethinyl, pyrrolidinyl, piperidinyl, isothiazolidinyl, thiadiazolidinyl, hexahy- 
droazepinyl, furyl, thienyl, pyridyl, quinolyl, isoquinolyl, benzofuranyl, pyrimidinyl, tetrazolyl, imidazolinyl, pyrazinyl, 
pyridazinyl and the like) which may be substituted by 1 or 2 substituent(s) selected from a halogen atom, alkyl, 
carboxy-C^g alkyl, Cj.g alkoxy-carbonyl-C^g alkyl, C^g alkoxy-carbonyl, carbamoyl, oxo, 4- to 10-membered hetero- 

5 cyclic group (4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, 
oxygen atoms and the like in addition to carbon atoms such as pyridyl, etc.), (4) Cg.g alkenyl group and the like. 
[0056] An aromatic hydrocarbon ring represented by Ring D may for example be a monocyclic or fused polycyclic 
aromatic hydrocarbon ring (C 6 . 14 aryl ring) having 6 to 14 carbon atoms. Such a C 6 . u aryl ring may for example be a 
benzene ring, naphthalene ring, anthryl ring, phenanthryl ring, with a benzene ring and naphthalene ring being preferred 

10 and a benzene ring being especially preferred. 

[0057] Any of these aromatic hydrocarbon groups may have 1 to 5, preferably 1 to 3 substituent(s) selected from 
Substituent Group A described above. 

[0058] A heterocyclic ring represented by Ring D may for example be a 5- to 14-membered heterocyclic ring con- 
taining 1 to 4 (preferably 1 to 3) heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
15 atoms, typically, (a) a 5- to 14-membered aromatic heterocyclic ring, (b) a 5- to 14-membered aliphatic heterocyclic 
ring, (c) a bicyclic or tricyclic fused ring of 5- to 14-membered aromatic heterocyclic ring(s) with benzene ring(s) and 
the like. 

[0059] Said 5- to 14-membered aromatic heterocyclic ring may for example be a 5- to 14-membered aromatic het- 
erocyclic ring containing 1 to 4 (preferably 1 to 3) heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
20 addition to carbon atoms, and those exemplified typically are thiophene, furan, indolizine, pyrrole, imidazole, triazole, 
thiazole, oxazole, pyrazole, pyridine, pyridine N-oxide, pyrazine, pyrimidine, pyridazine, purine, 4H-quinolizine, naph- 
thyridine, isothiazole, isoxazole, furazane and the like. Among those listed above, pyridine, thiophene and furan are 
employed preferably. 

[0060] Said 5- to 14-membered aliphatic heterocyclic ring may for example be a 5- to 14-membered aliphatic hete- 
25 rocyclic ring containing 1 to 4 (preferably 1 to 3) heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atoms, and those exemplified typically are pyrrolidine, piperidine, piperazine, morpholine, thiomor- 
pholine, 1 ,2-dihydropyridine, imidazolidine and the like. 

[0061] Said a bicyclic or tricyclic fused ring of 5- to 14-membered aromatic heterocyclic ring(s) with benzene rings 
may for example be a bicyclic or tricyclic fused ring of 5- to 1 4-membered heterocyclic ring containing 1 to 4 (preferably 

30 1 to 3) heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms with benzene ring 
(s), and those exemplified typically are benzo[b]thiophene, benzofuran, 1 H-benzimidazole, benzoxazole, benzothia- 
zole, 1,2-benzisothiazole, naphtho[2,3-b]thiophene, thianthrene, xanthene, phenoxathiin, indole, isoindole, 1H-inda- 
zole, isoquinoline, quinoline, phthalazine, quinoxaline, quinazoline, cinnoline, carbazole, ^-carboline, phenanthridine, 
acridine, phenazine, phenothiazine, phenoxazine, isochroman, dihydrobenzofuran and the like. 

35 [0062] Among those listed above, a preferred heterocyclic ring represented by Ring D is pyridine, thiophene, furan, 
imidazole, thiazole, quinoline, pyridine N-oxide, 1 ,2-dihydropyridine, dihydrobenzofuran, benzodioxole, benzothiazole, 
piperidine, piperazine and the like, with pyridine, 1 ,2-dihydropyridine being especially preferred. 
[0063] Any of these heterocyclic rings may have 1 to 5, preferably 1 to 3 substituent(s) selected from Substituent 
Group A described above. 

40 [0064] An "optionally oxidized sulfur atom" represented by E is S, SO, S0 2 and the like. 

[0065] An optionally substituted nitrogen atom represented by E may for example be a nitrogen atom which may 
have 1 to 2 group(s) selected from (i) a hydrogen atom, (ii) an optionally substituted hydrocarbon group, (iii) an acyl 
group and the like. 

[0066] Said "optionally substituted hydrocarbon group" may be one similar to an "optionally substituted hydrocarbon 
group" exemplified as a substituent on Ring A. 

[0067] Said "acyl group" may be one similar to an "acyl group" exemplified as a substituent on Ring A, and this acyl 
group may further have 1 to 5, preferably 1 to 3 substituent(s) selected from Substituent Group A described above. 
[0068] In a group represented by Formula :-CS-0-, -CO-0-, -S-CO-, -(CH 2 ) k -CO-, -NR 1c -CO-(CH 2 ) m -, 
-NR 1c -S0 2 -(CH 2 ) m -, -S0 2 -NR 1c -(CH 2 ) m -, -0-CS-NR 1c -(CH 2 ) m -, -NR 1c -CO-NR 1c -(CH 2 ) m -, -NR 1c -CO-CH 2 -(CH 2 ) m - 
50 NR 1c - wherein R 1c is a hydrogen atom, optionally substituted alkyl group or acyl group, k is 0 or 1 , m is an integer of 
0 to 3 which is represented by E, an alkyl group represented by R 1c may for example be a C^g alkyl group such as 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl and the like. 
[0069] An alkyl group represented by R 1c may have 1 to 5, preferably 1 to 3 substituent(s) selected from Substituent 
Group A described above. 

55 [0070] An acyl group represented by R 1c may for example be one similar to an "acyl group" exemplified as a sub- 
stituent on Ring A, and this acyl group may further have 1 to 5, preferably 1 to 3 substituent(s) selected from Substituent 
Group A described above. 
[0071] k is 0 or 1 , especially 0. 
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[0072] m is an integer of 0 to 3, especially 0 to 1 . 

[0073] Among those listed above, those preferred as E are: 

(i) a bond, (ii) methylene, (iii) O, (iv) S, (v) SO, (vi) S0 2 , (vii) -NH-, (viii) -N(C V6 alkyl)- (e.g., -N(methyl)-, etc.), (ix) 
-NfC^g alkyl-carbonyl)- (e.g., -N(acetyl), etc.), (x) -NfC^g alkoxy-carbonyl)- (e.g., -N(ethoxycarbonyl), etc.), (xi) 
-NfC^e alkyl-sulfonyl)- (e.g., -N(methylsulfonyl)-, etc.), (xii)-CO-O-, (xiii)-S-CO-, (xiv) a group represented by For- 
mula: -(CH 2 ) k -CO wherein k is 0 or 1 , (xv) -NR f -CO-(CH 2 ) m1 - wherein R f is a hydrogen atom, C^g alkoxy-carbonyl 
(e.g., methoxycarbonyl) or C^g alkyl group which may be substituted by a heterocyclic group containing 1 to 3 
heteroatom(s) selected from nitrogen, oxygen, sulfur atoms and the like in addition to carbon atoms (e.g. pyridyl), 
and ml is an integer of 0 to 3, 

(xvi) a group represented by Formula -NR9-S0 2 -(CH 2 ) m2 - wherein R9 is a hydrogen atom or C^g alkyl-sulfonyl 
group (e.g., methylsulfonyl) and m2 is 0, 

(xvii) a group represented by -S0 2 -NR h -(CH 2 ) m3 - wherein R h is a hydrogen atom or 0^. 6 alkyl group (e.g., methyl) 
and m3 is 0 or 1, 

(xviii) a group represented by -0-CS-NR L (CH 2 ) m4 - wherein R' is a hydrogen atom or C^g alkyl group (e.g., methyl) 
and m4 is 0 or 1 , 

(xix) a group represented by -NRi-CO-NR k -(CH 2 ) m5 - wherein RJ is a hydrogen atom or C^g alkyl group (e.g., me- 
thyl), R k is a hydrogen atom or C^g alkyl group (e.g., methyl) and m5 is 0 or 1 , 

(xx) a group represented by -NR L -CO-CH 2 -(CH 2 ) m6 -NR m - wherein R L is a hydrogen atom or C^g alkyl group (e. 
g., methyl), R m is a hydrogen atom or C^g alkyl group (e.g., methyl) and m6 is 0 or 1 . 

[0074] Each of an "optionally substituted aromatic hydrocarbon group" and "optionally substituted heterocyclic group" 
exemplified as a preferred R 1 may also be a group represented by Formula: 

CO-Hal 



wherein each symbol is defined as described above. 

[0075] A halogen atom represented by Hal may for example be a fluorine atom, chlorine atom, bromine atom and 
iodine atom, with a chlorine atom being preferred. 

[0076] As Ring D, one similar to those described above can be employed. 

[0077] In a group represented by Formula :-L-R 1a wherein each symbol is defined as described above exemplified 
as a preferred group R 1 , an "optionally substituted nitrogen atom" represented by L may be one similar to an "optionally 
substituted nitrogen atom " represented by E. L is preferably methylene, carbonyl, -NH- and the like. 
[0078] An aromatic group represented by R 1a may for example be: 

<1> a monocyclic or fused polycyclic aromatic hydrocarbon group, typically, a 6- to 14-membered monocyclic or 
fused polycyclic aromatic hydrocarbon group such as a C 6 . 14 aryl group such as phenyl, 1-naphthyl, 2-naphthyl, 
1-anthryl, 2-anthryl, 9-anthryl, 1-phenanthryl, 2-phenanthryl, 3-phenanthryl, 4-phenanthryl or9-phenanthryl, (pref- 
erably phenyl, 1-naphthyl or 2-naphthyl, especially, phenyl), 

<2> a 4- to 14-membered aromatic heterocyclic group containing one or more (for example 1 to 4, preferably 1 to 
3) heteroatom(s) of 1 or 2 kind(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms. 

[0079] Such a 4- to 1 4-membered aromatic heterocyclic group may for example be a monocyclic heterocyclic group 
(preferably 5- to 8-membered group) containing one or more (for example 1 to 4, preferably 1 to 3) heteroatom(s) of 
1 or 2 kind(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms or a fused aromatic hete- 
rocyclic group thereof, typically, an aromatic heterocyclic ring such as thiophene, benzo[b]thiophene, benzofuran, 1H- 
benzimidazole, benzoxazole, benzothiazole, 1 ,2-benzisothiazole, naphtho[2,3-b]thiophene, thianthrene, furan, in- 
dolizine, xanthene, phenoxathiin, pyrrole, imidazole, triazole, thiazole, oxazole, pyrazole, pyridine, pyrazine, pyrimidine, 
pyridazine, indole, isoindole, 1H-indazole, purine, 4H-quinolizine, isoquinoline, quinoline, phthalazine naphthyridine, 
quinoxaline, quinazoline, cinnoline, carbazole, p-carboline, phenanthridine, acridine, phenazine, isothiazole, pheno- 
thiazine, isoxazole, furazane, phenoxazine, isochroman and the like (preferably, pyridine, thiophene or furan, more 
preferably pyridine) or a fused ring group of one or more (preferably 1 or 2, more preferably 1 ) of these rings (preferably 
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monocyclic heterocyclic ring) with aromatic rings (for example, aromatic hydrocarbon groups described above, pref- 
erably benzene rings). 

[0080] Substituents on said aromatic group are 1 to 5, preferably 1 to 3 substituent(s) selected from Substituent 
Group A described above. 

5 [0081] An aromatic group which may have a substituent represented by R 1a is preferably a C 6 . 14 aryl group (e.g., 
phenyl) which may have 1 to 5 substituent(s) such as a C^g alkyl and C^.g alkoxy, etc. 

[0082] An "optionally substituted hydroxy group" represented by R 1a is one similar to an "optionally substituted hy- 
droxy group" exemplified as a substituent on Ring A, with a hydroxy group which may have a C^g alkyl group (e.g., 
methyl) being preferred. 

w [0083] An "optionally substituted amino group" represented by R 1a is one similar to an "optionally substituted amino 
group" exemplified as a substituent on Ring A. 

[0084] A preferred "optionally substituted amino group" represented by R 1a may for example be an amino group 
which may have 1 or 2 group(s) such as an optionally substituted alkyl group or optionally substituted aryl group, 
especially <1> a C^ 6 alkyl-amino group which may be substituted by a 4-to 10-membered heterocyclic group (4- to 
15 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen, sulfur atoms and 
the like in addition to carbon atoms, e.g., pyridyl), <2> a C 6 . 14 aryl-amino group, <3> a 4- to 1 0-membered heterocyclic 
group (4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen, sulfur 
atoms and the like in addition to carbon atoms, e.g., pyridyl)-amino group and the like. 

[0085] An "optionally substituted hydrocarbon group" represented by R 2 and R 3 is one similar to an "optionally sub- 
20 stituted hydrocarbon group" exemplified as a substituent on Ring A. 

[0086] Such an "optionally substituted hydrocarbon group" may for example be a hydrocarbon group (especially C^g 
alkyl group) which may be substituted by: 

<1> a halogen atom, 

25 <2> an optionally substituted hydroxy group (for example, a hydroxy group which may be substituted by a substit- 

uent selected from a C^g alkyl, C^g alkyl-carbonyl, C^g alkylsulfonyl and C 7 . 16 aralkyl, etc.), 
<3> an optionally substituted amino group (for example, an amino group which may be substituted by 1 to 2 C^g 
alkyl, C^g alkyl-carbonyl and C 6 . u aryl-carbonyl), 

<4> an optionally substituted 4-to 1 0-membered heterocyclic group (for example, a 4- to 1 0-membered heterocyclic 
30 group containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen, sulfur atoms and the like in addition to 

carbon atoms which may have an oxo group (e.g., phthalimido, imidazolinyl, piperidinyl, pyrrolidinyl)), 
<5> an optionally substituted thio group (for example, a thio group which may be substituted by C^g alkyl, etc.), 
<6> a C^g alkyl-suifinyl group, 
<7> a C^g alkyl-sulfonyl group. 

35 

[0087] Among those listed above, one employed preferably is a alkyl group which may be substituted by <1> a 
halogen atom (especially, bromine atom), <2> a hydroxy, <3> a C^g alkyl-carbonyloxy (e.g., acetoxy), <4> an amino, 
<5> a 4- to 10-membered heterocyclic group (4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) 
selected from nitrogen, oxygen, sulfur atoms and the like in addition to carbon atoms (e.g., phthalimido, imidazolinyl, 
40 piperidinyl, pyrrolidinyl)) which may have oxo group and the like, and one employed more preferably is a C^g alkyl 
group (e.g., methyl, ethyl) which may be halogenated by a halogen atom (especially, bromine atom), with a methyl 
group being preferred especially. 

[0088] An "acyl group" represented by R 2 and R 3 is one similar to an "acyl group" exemplified as a substituent on 
Ring A, with a C<,. 6 alkoxy-carbonyl group being preferred and a methoxycarbonyl group being more preferred. 
45 [0089] A 3- to 8-membered ring formed by R 2 and R 3 together with the adjacent carbon atom may for example be 
a 3- to 8-membered homocyclic or heterocyclic ring. 

[0090] A 3- to 8-membered homocyclic ring formed by R 2 and R 3 together with the adjacent carbon atom may for 
example be a 3- to 8-membered cyclic hydrocarbon consisting of carbon atoms, and typically a C 3 . 8 cycloalkane (for 
example, cyclobutane, cyclopentane, cyclohexane, cycloheptane, cyclooctane), C 3 . 8 cycloalkene (for example, cy- 
50 clobutene, cyclopentene, cyclohexene, cycloheptene, cyclooctene) may be exemplified. Among those listed above, a 
C 3 _ 8 cycloalkane is preferred, with a 5- or 6-membered homocyclic ring such as cyclopentane and cyclohexane (es- 
pecially, cyclohexane) being particularly preferred. 

[0091] A 3- to 8-membered heterocyclic ring formed by R 2 and R 3 together with the adjacent carbon atom may for 
example be a 5- to 8-membered aliphatic heterocyclic ring containing one or more (for example 1 to 4, preferably 1 to 
55 3) heteroatom(s) of 1 or 2 kind(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms. 

[0092] More specifically, a 5- to 8-membered aliphatic heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, oxygen and sulfur atoms in addition to carbon atoms and a nitrogen atom such as piperidine, piperazine, 
morpholine, thiomorpholine, pyrrolidine, imidazolidine ring and the like. 
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[0093] Such a 3- to 8-membered homocyclic or heterocyclic ring formed by R 2 and R 3 together with the adjacent 
carbon atom may have 1 to 5, preferably 1 to 3 substituent(s) similar to the substituents which may be possessed by 
a heterocyclic ring represented by R 1 described above. Such substituents are preferably 1 to 3 group(s) selected from 
a C^g alkyl, C 6 _ 14 aryl, C 7 . 16 aralkyl, amino, mono-C,_ 6 alkylamino, mono-C 6 . 14 arylamino, di-C^ alkylamino, di-C 6 . 14 
arylamino, 4- to 10-membered (e.g., 4- to 10-membered (preferably 5- or 6-membered) heterocyclic ring containing 1 
to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms) and the like. 
[0094] Among those listed above, each of R 2 and R 3 is preferably a C^ 6 alkyl group, C^ 6 alkoxy-carbonyl group 
each of which may be a halogen atom, with a methyl group and methoxycarbonyl group being preferred. 
[0095] It is also preferred that R 2 and R 3 are taken together with the adjacent carbon atom to form a 5- or 6-membered 
homocyclic ring such as a C 3 . 8 cycloalkane, preferably cyclopentane and cyclohexane (especially, cyclohexane). 
[0096] An "optionally substituted hydrocarbon group" represented by R 4 may be one similar to an "optionally substi- 
tuted hydrocarbon group" exemplified as a substituent on Ring A. 

[0097] A hydrocarbon group represented by R 4 is preferably a C|_g alkyl group (e.g., methyl, ethyl, propyl, isopropyl, 
etc.), C 2 .6 alkenyl group (e.g., 2-methyl-2-propenyl, etc.), with a C^ 3 alkyl group such as methyl and isopropyl being 
preferred especially. 

[0098] A substituent on said hydrocarbon group is preferably (1) a halogen atom (for example, fluorine, chlorine, 
bromine, iodine), (2) a cyano group, 

(3) a lower alkoxy group (e.g., methoxy, ethoxy), (4) a hydroxy group, (5) an amino group, (6) a mono-lower alkylamino 
group (e.g., mono-C^e alkylamino group such as methylamino, ethylamino), (7) a di-lower alkylamino group (e.g., 
di-C^ alkylamino group such as dimethylamino and diethyiamino, etc.), (8) a 4- to 10-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms which 
may have an oxo group (e.g., piperidino, 2-isoindolinyl, etc.), 
(9) a 

^6-14 ar y'thio (e g-, phenylthio), (10) an ureido, (11) a carboxy, (12) a carbamoyl, (13) a C-j.g alkoxy-carbonyl (e. 
g. t methoxycarbonyl, ethoxycarbonyl, etc.), (14) a mono-C^g alkyl-carbamoyl (e.g., methylcarbamoyl, ethylcarbamoyl, 
etc.), (15) aformylamino and (16) a C^g alkyl-carboxamido (e.g., acetamido, propionamido). 
[0099] An "acyl group" represented by R 4 may be one similar to an "acyl group" exemplified as a substituent on Ring 
A, and is typically (1 ) formyi (2) a C^g alkyl-carbonyl group (e.g., acetyl, propionyl, etc.), (3) a C 6 . 14 aryl-carbonyl group 
(e.g., benzoyl, etc.), (4) a C 7 . 16 aralkyl-carbonyl group (e.g., phenylacetyl, etc.) (5) a C^g alkoxy-carbonyl group (e.g., 
methoxycarbonyl, ethoxycarbonyl), (6) a carbamoyl group, (7) a mono- or di-Cj.g alkyl-carbamoyl group (e.g., meth- 
ylcarbamoyl, dimethylcarbamoyl, etc.), (8) a mono- or di-C,_g alkyl-thiocarbamoyl group (e.g., methylthiocarbamoyl, 
dimethylthiocarbamoyl, etc.), (9) a C^g alkyl-sulfonyl group (e.g., methylsulfonyl, etc.), (10) a C^g alkyl-sulfinyl group 
(e.g., methylsulfinyl, etc.) and the like, with formyi being preferred. 

[0100] An "optionally substituted hydroxy group" represented by R 4 may for example be a group represented by 
Formula: -OR 4 (R 4 ' is a hydrogen atom, optionally substituted hydrocarbon group or acyl group). 
[0101] A hydrocarbon group which may have a substituent represented by R 4 ' may for example be one similar to an 
"optionally substituted hydrocarbon group" exemplified as a substituent on Ring A, with C^g alkyl being preferred. 
[0102] An acyl group represented by R 4 ' may for example be one similar to an "acyl group" exemplified as a substit- 
uent on Ring A, with C^g alkyl-carbonyl being preferred. 

[0103] R 4 is preferably a hydrogen atom, cyano group, C^g alkyl group which may be substituted by a cyano, formyi 
and the like, with a hydrogen atom being preferred especially. 

[0104] An "optionally substituted hydrocarbon group" represented by R 5 is one similar to an "optionally substituted 
hydrocarbon group" exemplified as a substituent on Ring A. 

[0105] A hydrocarbon group represented by R 5 is preferably a C^g alkyl group (e.g., methyl, ethyl, etc.), C 2 . 6 alkenyl 
group (e.g., allyl, 2-methyl-2-propenyl, etc.), a C 2 . 6 alkynyl group (e.g., propargyl, etc.), a C 3 . 6 cycloalkyl group (e.g., 
cyclopentyl, etc.), a C 7 . 16 aralkyl group (e.g., benzyl, 3-phenylpropyl, 5-phenylpentyl, etc.) and the like, with a C^g alkyl 
group (especially, methyl) being particularly preferred. 

[0106] A substituent on said hydrocarbon group is preferably (1) a halogen atom (for example, fluorine, chlorine, 
bromine, iodine), (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a carbamoyl, (6) a C^g alkoxy-carbonyl 
(e.g., methoxycarbonyl, ethoxycarbonyl, etc.), (7) a mono-C^g alkyl-carbamoyl (e.g., methylcarbamoyl, ethylcar- 
bamoyl, etc.), (8) a di-C v6 alkyl-carbamoyl (e.g., dimethylcarbamoyl, diethylcarbamoyl, etc.), (9) a 4- to 10-membered 
heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition 
to carbon atoms (e.g., pyridyl, isoindolinyl) which may have an oxo, (11) a C 6 . 14 aryl group (e.g., phenyl, etc.) and the 
like. 

[0107] An "acyl group" represented by R 5 is one similar to an "acyl group" exemplified as a substituent on Ring A, 
and this acyl group may further have 1 to 5, preferably 1 to 3 substituent(s) selected from Substituent Group A described 
above. Those preferred especially are (1) formyi (2) a C V6 alkyl-carbonyl group (e.g., acetyl, propionyl, etc.), (3) a 
C 6 . 14 aryl-carbonyl group (e.g., benzoyl, etc.), (4) a C 7 . 16 aralkyl-carbonyl group (e.g., phenylacetyl, etc.) (5) a C^g 
alkoxy-carbonyl group (e.g., methoxycarbonyl, ethoxycarbonyl, etc.), (6) a carbamoyl group, (7) a mono- or di-C^g 
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alkyl-carbamoyl group (e.g., methylcarbamoyl, dimethylcarbamoyl, etc.), (8) a mono- or di-C^g alkyl-thiocarbamoyl 
group (e.g., methylthiocarbamoyl, dimethylthiocarbamoyl, etc.), (9) a C^g alkyl-sulfonyl group (e.g., methylsulfonyl, 
etc.), (10) a C^g alkyl-sulfinyl group (e.g., methylsulfinyl, etc.) and the like. 

[0108] An "optionally substituted heterocyclic group" represented by R 5 is one similar to an "optionally substituted 
heterocyclic group" exemplified as a substituent on Ring A. 

[01 09] A heterocyclic group represented by R 5 is preferably a 4- to 1 0-membere aromatic heterocyclic ring containing 
1 to 4 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms (e.g., tetra- 
zolyl, etc.), etc. 

[0110] A substituent on said heterocyclic group is preferably a C 6 . 14 aryl group (e.g., phenyl, etc.) and the like. 
[0111] A halogen atom represented by R 5 is a fluorine atom, chlorine atom, bromine atom and iodine atom, with a 
chlorine atom being preferred. 

[0112] Depending on X 5 , R 5 is preferably any of those described below: 
[X=oxygen atom] 

(i) a hydrogen atom, 

(ii) a C^g alkyl group (e.g., methyl, ethyl, isopropyl, butyl, etc.) 

[this C^g alkyl group may have a substituent selected from (1 ) a halogen atom, (2) a hydroxy group, (3) an 
amino group, (4) a carboxy, (5) a carbamoyl, (6) a Cj.g alkoxy-carbonyl, (7) a mono-C^g alkyl-carbamoyl, (8) 
a di-C^e alkyl-carbamoyl, (9) 4-to 10-membered aromatic heterocyclic group containing 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms (e.g., pyridyl, 2-isoin- 
dolinyl, etc.)], 

(iii) a C 2 _ 6 alkenyl group (e.g., allyl, 2-methyl-propenyl, etc.)[this C 2 . 6 alkenyl group may have a C 6 . 14 aryl (e. 
g., phenyl)], 

(iv) a C 2 . 6 alkenyl group (e.g., propargyl, etc.), 

(v) a C 3 _ 6 cycloalkyl group (e.g., cyclopentyl, etc.), 

(vi) a C 7 . 16 aralkyl group (e.g., benzyl, 3-phenylpropyl, 5-phenylpentyl, etc.), 

(vii) a C^g alkyl-carbonyl group (e.g., acetyl, etc.), 

(viii) a C 6 . 14 aryl-carbonyl group (e.g., benzoyl, etc.), 

(ix) a C 7 . 16 aralkyl-carbonyl group (e.g., phenylacetyl, etc.), 

(x) C|.g alkoxy-carbonyl group (e.g., methoxycarbonyl, ethoxycarbonyl, etc.), 

(xi) a mono- or di-C^g alkyl-thiocarbamoyl group (e.g., methylthiocarbamoyl, dimethylthiocarbamoyl, etc.), 

(xii) an optionally halogenated C^g alkyl-sulfonyl group (e.g., methylsulfonyl, etc.), 

(xiii) a 4- to 1 0-membered aromatic heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, 
sulfur, oxygen atoms and the like in addition to carbon atoms (e.g., tetrazolyl, etc.) 

[this heterocyclic ring may have a C 6 . 14 aryl (e.g., phenyl)], 

[X=nitrogen atom] 

<1> a hydrogen atom, 

<2> a C,. 6 alkyl group (e.g., methyl, ethyl, etc.) 

[this C^g alkyl group may have a C^g alkoxy-carbonyl], 

<3> a formyl, 

<4> a C^g alkyl-carbonyl group (e.g., acetyl, propionyl, etc.), 

<5> a C^g alkoxy-carbonyl group (e.g., methoxycarbonyl, ethoxycarbonyl, etc.), 

<6> a carbamoyl group, 

<7> a mono- or di-C^ alkyl-carbamoyl group (e.g., methylcarbamoyl, dimethylcarbamoyl, etc.), 
<8> a C^g alkyl-sulfonyl group (e.g., methylsulfonyl), 

[X=sulfur atom] 

<1> a C,. 6 alkyl group (e.g., methyl, ethyl, etc.), 

<2> a mono- or di-C^ alkyl-carbamoyl group (e.g., methylcarbamoyl, dimethylcarbamoyl), 

[X=bond] 

<1> a hydrogen atom, 

<2> a C^g alkyl group (e.g. methyl), 
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<3> a halogen atom (e.g., chlorine atom). 

[0113] An "optionally substituted hydrocarbon group" represented by R 6 and R 7 may be one similar to an "optionally 
substituted hydrocarbon group" exemplified as asubstituent on Ring A, and a Chalky! group (e.g., methyl, ethyl, etc.) 
is preferred, with a methyl group being preferred especially. 

[0114] An "optionally substituted 3- to 8-membered ring" formed by R 6 and R 7 together with the adjacent carbon 
atom may be one similar to an "optionally substituted 3- to 8-membered ring" formed by R 2 and R 3 together with the 
adjacent carbon atom described above, and among such groups an optionally substituted 3- to 8-membered homocyclic 
ring is preferred, with a C 3 . 8 cycloalkane (for example, cyclobutane, cyclopentane, cyclohexane, cycloheptane, cy- 
clooctane) being preferred, and a 5- or 6-membered homocyclic ring such as cyclopentane and cyclohexane (especially 
cyclopentane) being preferred. 

[0115] An "optionally substituted hydrocarbon group" represented by R 8 and R 9 may be one similar to an "optionally 
substituted hydrocarbon group" exemplified as a substituent on Ring A. Among such groups, those exemplified pref- 
erably are a C^g alkyl group, C^g alkenyl group or C^g alkynyl group each of which may have 1 to 5 substituent(s) 
selected from (1) a halogen atom, (2) an optionally halogenated C^. 6 alkyl, (3) an optionally halogenated C^g alkoxy, 
(4) an optionally halogenated C^g alkylthio, (5) a hydroxy, (6) an amino, (7) a mono-C^g alkylamino, (8) a di-C^g 
alkylamino and the like, with C^g alkyl group (e.g., methyl, ethyl, etc.) being preferred especially. 
[0116] Preferably, each of R 8 and R 9 may for example be a hydrogen atom, C^g alkyl group (e.g., methyl, ethyl), 
with a hydrogen atom being preferred especially. 

[0117] An optionally oxidized sulfur atom represented by X is S, SO and S0 2 with S and SO being preferred. 
[0118] An "optionally substituted nitrogen atom" represented by X is one similar to an "optionally substituted nitrogen 
atom" represented by E described above, and those exemplified typically are (1) -NH-, (2) -NfC^g alkyl)- (e.g., -N 
(methyl)-, -N(ethyl)-, -N(propyl)-, -N(isopropyl)-, etc.), (3) -N(C 6 . 14 aryl)- (e.g., -N(phenyl)-, -N(2-naphthyl)-, etc.), (4) 
-N(C 7 . 16 aralkyl)- (e.g., -N(benzyl)-, -N(phenethyl)-, etc.), with -NH- and -N(methyl)- being preferred especially. 
[0119] X is preferably a bond, O, S, SO, -NH-, -N(methyl)- and the like. 
[0120] Y is (1) an optionally substituted methylene group, or (2) a carbonyl group. 

[01 21 ] A substituent on a methylene group may for example be a group selected from Substituent Group A described 
above, and among such groups those preferred are one or two C^g alkyl group(s) (e.g., methyl, ethyl, etc.), hydroxy 
group(s) and the like. 

[01 22] Y is preferably (1 ) a methylene group which may have one or two C^_ G alkyl group(s) (e.g., methyl, ethyl, ethyl) 
or (2) a carbonyl group, with a methylene group which may have one or two methyl(s) being preferred, and a methylene 
group being especially preferred. 
[01 23] n is 0 or 1 , with 0 being preferred. 

[01 24] As a compound according to the invention, any one of those listed below is preferred. 

[Compound (l)-l] 

[0125] Compound (I) wherein: 

R 1 is a group represented by Formula: 




wherein each symbol is defined as described above, or a group represented by Formula: 
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CO-Hal 



wherein each symbol is defined as described above, each of R 2 and R 3 is a hydrogen atom or optionally substituted 
hydrocarbon group, and R 2 and R 3 may be taken together with the adjacent carbon atom to form an optionally 
substituted 3- to 8-membered ring, R 4 is a hydrogen atom, cyano group, optionally substituted hydrocarbon group, 
acyl group or optionally substituted hydroxy group, R 5 is an optionally substituted hydrocarbon group, each of R 6 
and R 7 is an optionally substituted hydrocarbon group, and R 6 and R 7 are taken together with the adjacent carbon 
atom to form an optionally substituted 3- to 8-membered ring, each of R 8 and R 9 is a hydrogen atom, X is an 
oxygen atom or optionally oxidized sulfur atom, Y is a methylene group which may have one or two C^g alkyl 
groups, and n is 0 or 1 . 

[Compound (l)-ll] 

[0126] Compound (I) wherein: 

R 1 is a group represented by Formula: 



wherein each symbol is defined as described above, each of R 2 and R 3 is a hydrogen atom or optionally substituted 
hydrocarbon group, and R 2 and R 3 may be taken together with the adjacent carbon atom to form an optionally 
substituted 3- to 8-membered homocyclic or heterocyclic ring, R 4 is a hydrogen atom, R 5 is an optionally substituted 
hydrocarbon group, each of R 6 and R 7 is an optionally substituted hydrocarbon group, and R 6 and R 7 are taken 
together with the adjacent carbon atom to form an optionally substituted 3- to 8-membered homocyclic ring, each 
of R 8 and R 9 is a hydrogen atom, X is an oxygen atom or sulfur atom, Y is a methylene and n is 0 or 1 . 

[Compound (l)-lll] 

[0127] Compound (I) wherein R 1 is, 
(Da 

ar yl 9 rou P which may have 1 to 3 substituent(s) selected from the following (1) to (23): 

(1) a halogen atom, 

(2) a nitro group, 

(3) a C^g alkyl group (e.g., methyl, isopropyl, tert-butyl and the like) 




wherein each symbol is defined as described above, or a group represented by Formula: 




CO-Hal 
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[this C^e alkyl group may have a substituent selected from a halogen atom, cyano, carbamoyl, C^ s alkyl- 
carbamoyl, C^.g alkyl-carbonyloxy, C^. s alkoxy-carbonyl-C^.g alky I -carbamoyl, (5- or6-membered heterocyclic 
ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, 
oxygen atoms and the like in addition to carbon atoms such as pyridyl^-C^.g alkyl -carbamoyl, C^g alkylsulfo- 
nylamino, C v6 alkoxy-carbonyl and carboxy, etc.], 

(4) a C^g cycloalkyl group (e.g., cyclohexyl), 

(5) a Cg^ aryl group (e.g., phenyl) 

[this C 6 _ 14 aryl group may have a substituent selected from amino, carboxy, C^g alkoxy-carbonyl, carbamoyl, 
mono- or di-C^g alkylcarbamoyl, formylamino, C^ 6 alkyl-carbonylamino which may have a halogen atom or 
carboxy (e.g., acetylamino, propionylamlno, trifluoroacetylamino, pivaloylamino), C 6 . 14 aryl-carbonylamino (e. 
g., benzoylamino), C^g alkoxy-carbonylamino (e.g., methoxycarbonylamino), ureldo, mono- or di-C^g alky- 
lureido, C,_ 6 alkylsulfonylamino (e.g., methylsulfonylamino, etc.), (C^g alky^C^g alkylsulfonyl) amino (e.g., 
methyl(methylsulfonyl)amlno), (C^g alkylHC^g alkyl-carbonyl)amino (e.g., methyl(acetyl)amino, etc.), C^g 
alkoxy-carbonyl-C-i.g alkylamino (e.g., 2-ethoxycarbonyl-2-propylamino, etc.), C 6 . 14 aralkyloxy-carbonylamino 
(e.g., benzyloxycarbonylamino), C^g alkyl-carbonylamino-C^g alkyl-carbonylamino (e.g., acetylami- 
noacetylamino), C V6 alkyloxy-C^g alkyl-carbonylamino-C^g alkyl-carbonylamino (e.g., methoxyacetylami- 
noacetylamino), C^g alkylthio-C^ alkyl-carbonylamino (e.g., methylthioacetylamino), C,. 6 alkyl-sulfinyl-C^g 
alkyl-carbonylamino (e.g., methylsulfinylacetylamino), C^g alkyl-sulfonyl-C^g alkyl-carbonylamino (e.g., 
methylsulfonylacetylamino), C 6 . 14 aryloxy-carbonylamino (e.g., phenoxycarbonylamino), hydroxy-C^g alkyl- 
carbamoyl (e.g., hydroxymethylcarbamoyl, hydroxyethylcarbamoyl), and may have a substituent selected es- 
pecially from amino carboxy, C.,. 6 alkoxy-carbonyl, carbamoyl, mono- or di-C^g alkylcarbamoyl, formylamino, 
C^g alkyl-carbonylamino which may have a halogen atom or carboxy (e.g., acetylamino, propionylamino, tri- 
fluoroacetylamino, pivaloylamino). C^g alkoxy-carbonylamino (e.g., methoxycarbonylamino), ureido, C,_ 6 
alkylsulfonylamino (e.g., methylsulfonylamino), (C^g alkylHC^g alkylsulfonyl)amino (e.g., methyl(methylsul- 
fonyl)amino, etc.), (C,. 6 alkyl^C^ alkyl-carbonyl)amino (e.g., methyl(acetyl)amino, etc.), C^g alkoxy-carbo- 
nyl-C^g alkylamino (e.g., 2-ethoxycarbonyl-2-propylamino, etc.), C 6 . 14 aralkyloxy-carbonylamino (e.g., ben- 
zyloxycarbonylamino) and the like], 

(6) a C^g alkoxy group which may have a halogen atom or C^g alkoxy-C 6 . 14 aryl (e.g., methoxy, trifluorometh- 
oxy, isopropoxy, 2-(4-methoxyphenyl)ethoxy, etc.), 

(7) a Cg_ 14 aryloxy group (e.g., phenoxy), 

(8) a C^g alkylthio group which may have a carbamoyl (e.g., methylthio, carbamoylmethylthio), 

(9) a C-i.g alkylsulfinyl group which may have a carbamoyl (e.g., methylsulfinyl, carbamoylmethylsulfinyl), 

(10) a Cg_ 14 arylthio group (e.g., phenylthio), 

(11) a hydroxy group, 

(12) a 4- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur, 
oxygen atoms and the like in addition to carbon atoms (e.g., pyrrolidinyl, piperidyl, isoindolinyl, furyl, thienyl, 
pyridyl, quinolyl, benzofuranyl, pyrimidinyl, tetrazolyl, imidazolidinyl, isothiazolidinyl, thiadiazolidinyl, azethinyl, 
etc.), 

[this heterocyclic group may have a substituent selected from oxo, carboxy-C^g alkyl, C^g alkyl-carbony- 
loxy-C^g alkyl, C^g alkyl, C^g alkoxy-carbonyl-C^g alkyl, C^g alkoxy-carbonyl, carbamoyl-C^g alkyl, C^g 
alkyl-carbamoyl-C^g alkyl, etc.], 

(13) a carboxy group, 

(14) a group represented by Formula: -CO-Hal (Hal is a halogen atom) (e.g., chloroformyl), 

(15) a C^g alkyl-carbonyl group (e.g., acetyl, etc.), 

(16) a C^g alkyl-sulfonyl group (e.g., methylsulfonyl, etc.), 

(17) a C^g alkoxy-carbonyl group (e.g., methoxycarbonyl, etc.), 

(18) a sulfamoyl group 

[this sulfamoyl group may have 1 or 2 substituent(s) selected from C^g alkyl, carbamoyl-C^g alkyl, C^g alkoxy- 
carbonyl-C^ alkyl, (5- to 7-membered heterocyclic group which may have an oxo group (e.g., 5- to 7-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and 
the like in addition to carbon atoms such as pyridyl, pyrrolidinyl hexahydroazepinyOJ-C^g alkyl; C^g alkyl- 
carbonylamino-C 6 . 14 aryl], 

(19) a group represented by Formula: -NR a R b 

[each of R a and R b is (i) a hydrogen atom, (ii) a C^g alkyl, (iii) a (5- or 6-membered heterocyclic ring (e.g., 5- 
or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms 
and the like in addition to carbon atoms such as pyridyl^-C^g alkyl, (iv) a C^g alkoxy-carbonyl-C^g alkyl, (v) 
a di-C^g alkylamino-methylene-sulfamoyl-C^g alkyl, (vi) a carbamoyl-C^g alkyl, (vii) a sulfamoyl-C^g alkyl, 
(viii) a C^g alkyl-sulfonyl, (ix) a C^g alkoxy-carbonyl, (x) a di-C^g alkoxy-carbonyl-C 2 . 6 alkenyl, (xi) a C 6 . 14 
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aryl, (xii) a 5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 
heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as 
pyridyl), [this 5- or 6-membered heterocyclic group may have a substituent selected from amino, C v6 alkyl- 
carboxamido and C,.g alkyl-sulfonylamino and the like], (xiii) an optionally halogenated C,. 6 alkyl-carbonyl, 

5 (xiv) a C^g alkylthio-C^ alkyl-carbonyl, (xv) a C^g alkylsulfinyl-C^g alkyl-carbonyl, (xvi) a C,_ 6 alkylsulfo- 

nyl-C-,.g alkyl-carbonyl, (xvii) an amino-C^g alkyl-carbonyl, (xviii) an optionally halogenated C^g alkyl-carbo- 
nyl-amino-C 1 . 6 alkyl-carbonyl, (xix) a Cg.<|4 aryl-carbonyl, (xx) a carboxy-Cg..j 4 aryl-carbonyl, (xxi) an optionally 
C^g alkyl-esterified phosphono-C^g alkyl-C 6 . 14 aryl-carbonyl, (xxii) a (5- or 6-membered heterocyclic ring (e. 
g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 

io atoms and the like in addition to carbon atoms such as pyrrolidinyl, pyridyl) which may have a halogen atom, 

oxo or a C^g alkoxy-carbonyl)-carbonyl, (xxiii) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered 
heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in 
addition to carbon atoms such as pyridyOJ-C^g alkyl-carbonyl, (xxiv) a C 6 . 14 aryl-oxy-carbonyl, (xxv) a car- 
boxy-C^g alkyl, (xxvi) a carbamoyl, (xxvii) an optionally halogenated C^g alkylcarbamoyl, (xxviii) a Cg_ 14 aryl- 

15 carbamoyl which may have a C^g alkyl-carbonylamino. (xxix) a (5- or 6-membered heterocyclic ring (e.g., 5- 

or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms 
and the like in addition to carbon atoms such as pyridyl))-carbamoyl, (xxx) a C 2 .g alkenyl-carbonyl, (xxxi) a (5- 
or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon atoms such as pyrrolidinyl) 

20 which may have an oxo groupJ-amino-C^g alkyl-carbonyl, (xxxii) a (5- or 6-membered heterocyclic ring (e.g., 

5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen 
atoms and the like in addition to carbon atoms such as pyrrolidinyl) which may have an oxo group)(C 1 . 6 alkyl) 
amino-C^g alkyl-carbonyl, (xxxiii) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic 
ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to 

25 carbon atoms such as pyrrolidinyl) which may have an oxo group) (C-,. 6 alkyicarbonyl) amino-C^g alkyl-car- 

bonyl, (xxxiv) a C^g alkylthlo-C^g alkyicarbonyl (sulfur atom maybe oxidized), (xxxv) an optionally halogenated 
C^g alkylsulfonyl, (xxxvi) a sulfamoyl, (xxxvii) a C^g alkylsulfamoyl and the like], 

(20) a group represented by Formula: -C(=0)NR c R d 

[each of R c and R d is (i) a hydrogen atom, (ii) a C^g alkyl, (iii) a 5- or 6-membered heterocyclic ring (e.g., 5- 
30 or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms 

and the like in addition to carbon atoms such as pyridyl, imidazolyO-C^g alkyl, (iv) a carboxy-C^galkyl, (v) a 
C^g alkoxy-carbonyl-C^g alkyl, (vi) a di-C^g alkylamino-C.,_s alkyl, (vii) a carbamoyl-C^g alkyl, (viii) a C,.g 
alkylcarbamoyl-C^g alkyl, (ix) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon 
55 atoms such as pyridylJJ-C^g alkylcarbamoyl-C^g alkyl, (x) a (5- or 6-membered heterocyclic ring (e.g., 5- or 

6- membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms 
and the like in addition to carbon atoms such as pyridyOJ-amino-C^g alkyl, (xi) a sulfamoyl-Cg. 14 aryl-C^g 
alkyl, (xii) a C 6 . 14 aryl which may have C^g alkoxy, (xiii) an optionally C^g alkyl-esterified phosphono-C^g 
alkyl-C 6 . 14 aryl, (xiv) a 4- to 1 0-membered heterocyclic group (e.g., 4- to 1 0-membered heterocyclic ring con- 

40 taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon 

atoms such as azethinyl, pyrrolidinyl, piperidinyl, hexahydroazepinyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, 
1-azabicyclo[2.2.2]octo-3-yl, etc.) [this 4- to 10-membered heterocyclic group may have 1 to 2 substituent(s) 
selected from a halogen atom, alkyl and oxo, etc.], (xv) a C 6 . 14 aryl-carbamoyl-C^g alkyl, (xvi) a hy- 
droxy-C^g alkyl or (xvii) a (5- or 6-membered heterocyclic ring (e.g., 5- or 6-membered heterocyclic ring con- 

45 taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur, oxygen atoms and the like in addition to carbon 

atoms such as pyrrolidinyl, pyridyl) which may have a oxo groupJ-carbamoyl-C^g alkyl; and R c is preferably 
a hydrogen atom], 

(21) a cyano group, 

(22) a mono- or di-C^g alkylcarbamoylthio group (e.g., dimethylcarbamoylthio), 

50 (23) a mono- or di-C^g alkylthiocarbamoyloxy group (e.g., dimethylthiocarbamoyloxy); 

(ii) a 4- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may contain 1 to 3 substituent(s) selected from the following (1) 
to (8): 

55 

(1) a halogen atom, 

(2) a C^g alkyl group [this alkyl may have a substituent selected from carboxy, C^g alkoxy, C^g alkoxy-carb- 
onyl, mono-C^ alkyl-amino, di-C^g alkyl-amino, carbamoyl, C^g alkyl-carbamoyl which may have a hydroxy, 
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4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may have oxo, (4- to 10-membered heterocyclic ring con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)- 
carbamoyl, carbamoyl -C^g alkyl-carbamoyl], 

(3) a Cj.g alkoxy group, 

(4) a Cg_ 14 aryl group, 

(5) a C 7 . 16 aralkyl group [this C 7 . 16 aralkyl group may have a substituent selected from carboxy, C^ s alkoxy- 
carbonyl, carbamoyl, C^.g alkyl-carbamoyl which may have hydroxy, (4- to 10-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)- 
carbamoyl], 

(6) a 4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms [this 4- to 10-membered heterocyclic group may have a substituent 
selected from a C^. 6 alkyl, C^. 6 alkoxy-carbonyl, carbamoyl, oxo, 4- to 10-membered heterocyclic group con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms], 

(7) an oxo group, 

(8) an oxide group; 

(iii) a C 3 . 6 cycloalkyl group; or, 

(iv) a group represented by Formula: -L'-R 1a ' (U is methylene, carbonyl or an optionally substituted nitrogen atom, 
R 1a ' is (1) a hydrogen atom, (2) a C 6 _ 14 aryl group which may have 1 to 5 substituent(s) selected from a C^ 6 alkyl 
and C^e alkoxy, (3) a hydroxy group which may be substituted by a C^g alkyl group, (4) a C^g alkyl-amino group 
which may be substituted by a 4- to 1 0-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, oxygen and sulfur atoms in addition to carbon atoms, (6) a C 6 . 14 aryl-amino group or (7) a (4- to 1 0-mem- 
bered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition 
to carbon atoms)-amino group), 

each of R 2 and R 3 is (1 ) a hydrogen atom, (2) a C^g alkyl group which may be substituted by <1 > a halogen atom, 
<2> an optionally substituted hydroxy group (for example, a hydroxy group which may be substituted by a substit- 
uent selected from a C^g alkyl, C^g alkyl-carbonyl, C^g alkylsulfonyl and C 7 . 16 aralkyl), <3> an optionally substi- 
tuted amino group (for example, an amino group which may be substituted by 1 or 2 C v6 alkyl, C^g alkyl-carbonyl 
and Cg_ 14 aryl-carbonyl, etc.), <4> an optionally substituted 4- to 10-membered heterocyclic group (for example, 
a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen, sulfur 
atoms and the like in addition to carbon atoms which may have an oxo group (e.g., phthalimido, imidazolinyl, 
piperidinyl, pyrrolidinyl)), <5> an optionally substituted thio group (for example, a thio group which may have a 
C1-6 alk y')» <6> a alkyl-sulfinyl group or <7> a C^g alkyl-sulfonyl group, or (3) a C^g alkoxy-carbonyl group, 

R 2 and R 3 may be taken together with the adjacent carbon atom to form a C^.q cycloalkane, 

R 4 is (i) a hydrogen atom, (ii) a cyano group, (iii) a C^g alkyl group [this C^g alkyl group may have a substituent 
selected from (1) a halogen atom, (2) a cyano group, (3) a C^g alkoxy group, (4) a hydroxy group, (5) an amino group, 
(6) a mono-C^g alkylamino group, (7) a di-C^g alkylamino group, (8) a tri-C^g alkylammonium group, (8) a 4- to 
10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atoms which may have an oxo, (9) a C 6 . 14 arylthio, (1 0) an ureido, (1 1 ) a carboxy, (1 2) a carbamoyl, 
(13) a C^g alkoxy-carbonyl, (14) a mono-C^g alkyl-carbamoyl, (15) a formylamino and (16) a C V g alkyl-carboxamido], 
(iv) a C 2 .g alkenyl group or (v) a formyl group; 

X is a bond, oxygen atom, optionally oxidized sulfur atom, -NH- or -N(methyi)-, 

R 5 is, 

when X is a bond, then (i) a hydrogen atom, (ii) a C|_ 6 alkyl group or (iii) a halogen atom, 
when X is an oxygen atom, then (i) a hydrogen atom, (ii) a C,. 6 alkyl group [this C^g alkyl group may have a 
substituent selected from (1 ) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a carbamoyl, 
(6) a C^g alkoxy-carbonyl, (7) a mono-C^g alkyl-carbamoyl, (8) a di-C^g alkyl-carbamoyl, (9) a 4- to 10-membered 
heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to 
carbon atoms], (iii) a C 2 . 6 alkenyl group [this C 2 . 6 alkenyl group may have a Cg_ 14 aryl], (iv) a C 2 . 6 alkynyl group, (v) a 
C 3 . 6 cycloalkyl group, (vi) a C 7 . 16 aralkyl group, (vii) a C^g alkyl-carbonyl group, (viii) a C 6 . 14 aryl-carbonyl group, (ix) 
a alkoxy-carbonyl group, (x) a mono- or di-C^ alkyl-thiocarbamoyl group, (xi) an optionally halogenated C^g 
alkyl-sulfonyl group or (xii) a 4- to 10-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this heterocyclic group may have a Cg_ 14 aryl], 

when X is an optionally oxidized sulfur, then (i) a C^g alkyl group or (ii) a mono- or di-C^g alkyl-carbamoyl group, 
when X is -NH- or -N(methyl)-, then (i) a hydrogen atom, (ii) a C-j.g alkyl group [this C-j.g alkyl group may have a 
C^g alkoxy-carbonyll, (iii) formyl, (iv) a C^g alkyl-carbonyl group, (v) a C^g alkoxy-carbonyl group, (vi) a carbamoyl 
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group, (vii) a mono- or di-C^g alkyl-carbamoyl group or (viii) a C v6 alkyl-sulfonyl group, 
each of R 6 and R 7 is a hydrogen atom or C.,_ 6 alkyl group, 

R 6 and R 7 may be taken together with the adjacent carbon atom to form a C3_ 8 cycloalkane, 
Each of R 8 and R 9 is a hydrogen atom or a C,. 6 alkyl group, 

Y is <1> a methylene group which may have 1 or 2 C^g alkyl or hydroxy group or <2> a carbonyl group, 
n is 0 or 1. 

[Compound (l)-IV] 

[0128] Compound (I) wherein R 1 is, 

(i) a C 6 . 14 aryl group which may have 1 to 3 substituent(s) selected from the following (1) to (20): 

(1) a halogen atom, 

(2) a nitro group, 

(3) a C^g alkyl group [this C^g alkyl group may have a substituent selected from a halogen atom, cyano, 
carbamoyl, C 1-6 alkyl-carbamoyl, C^g alkyl-carbonyloxy, C^g alkoxy-carbonyl-C^g alkyl-carbamoyl, (5- or 
6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms 
in addition to carbon atomsJ-C^g alkyl-carbamoyl, C^g alkylsulfonylamino, C^g alkoxy-carbonyl and carboxy], 

(4) a C 3 . 6 cycloalkyl group, 

(5) a Cg_ u aryl group 

[this C 6 _ 14 aryl group may have a substituent selected from amino, optionally halogenated C^g alkyl-carbon- 
ylamino, ureido, C^g alkylsulfonylamino, (C^g alky^C^g alkylsulfonyl) amino, C^g alkoxy-carbonyl-C^g 
alkylamino], 

(6) a C^g alkoxy group which may have a halogen atom or C,. 6 aikoxy-C 6 . 14 aryl, 

(7) a Cg_ 14 aryloxy group, 

(8) a C^g alkylthio group, 

(9) a C^g alkylsulfinyl group, 

(10) a Cg^ 14 arylthio group, 

(11) a hydroxy group, 

(12) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms [this heterocyclic group may have a substituent selected from oxo, carboxy-C^g alkyl, C^g 
alkyl-carbonyloxy-C^g alkyl, C,. 6 alkoxy-carbonyl-C^g alkyl, C^g alkyl-carbamoyl-C^g alkyl], 

(13) a carboxy group, 

(14) a group represented by Formula: -CO-Hal (Hal is a halogen atom), 

(15) a C,. 6 alkyl-carbonyl group, 

(16) a C^g alkyl-sulfonyl group, 

(17) a Ci_ 6 alkoxy-carbonyl group, 

(1 8) a sulfamoyl group [this sulfamoyl group may have a substituent selected from a C^g alkyl, carbamoyl-C^g 
alkyl, (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atomsJ-C^g alkyl], 

(19) a group represented by Formula: NR a R b [each of R a and R b is (i) a hydrogen atom, (ii) a C^g alkyl, (iii) 
a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atomsJ-C^g alkyl, (iv) a C^g alkoxy-carbonyl-^ .g alkyl, (v) a di-C^g alkylamino- 
methylene-sulfamoyl-C^g alkyl, (vi) a carbamoyl -C^g alkyl, (vil) a sulfamoyl-C^g alkyl, (viii) a C^g alkyl-sul- 
fonyl, (ix) a C^g alkoxy-carbonyl, (x) a di-C^g alkoxy-carbonyl-C 2 . 6 alkenyl, (xi) a C 6 . 14 aryl, (xii) a 5- or 6-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atoms [this 5- or 6-membered heterocyclic group may have a substituent selected from 
amino, C^g alkyl-carboxamido and C^g alkyl-sulfonylamino], (xiii) an optionally halogenated C^g alkyl-carb- 
onyl, (xiv) a C^g alkylthio-C^g alkyl-carbonyl, (xv) a C^g alkylsulfinyl-C^g alkyl-carbonyl, (xvi) a C^g alkylsul- 
fonyl-C^g alkyl-carbonyl, (xvii) an amino-C-j.g alkyl-carbonyl, (xviii) an optionally halogenated C-j.g alkyl-carb- 
onyl-amino-C^g alkyl-carbonyl, (xix) a C 8 . 14 aryl-carbonyl, (xx) a carboxy-Cg. 14 aryl-carbonyl, (xxi) an option- 
ally C^g alkyl-esterified phosphono-C^g alkyl-C 6 . 14 aryl-carbonyl, (xxii) a 5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms, 
(xxiii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may have a C^g alkoxy-carbonylJ-C^g alkyl-carbonyl, (xxiv) 
a C 6 . 14 aryloxy-carbonyl, (xxv) a carboxy-C^g alkyl or (xxvi) a carbamoyl], 

(20) a group represented by Formula: -C(=0)NR c R d [each of R c and R d is (i) a hydrogen atom, (ii) a C^g alkyl, 
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(iii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atomsJ-C^g alkyl, (iv) a carboxy-C^g alkyl, (v) a C^g alkoxy-carbonyl-Cj.g 
alkyl, (vi) a di-C^.g alkylamino-C^g alkyl, (vii) a carbamoyl-C^g alkyl, (viii) a C^g alkylcarbamoyl-C^g alkyl, 
(ix) a (5- or 6-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 

5 oxygen atomsJ-C^g alkyl-carbamoyl-C^g alkyl, (x) a (5- or 6-membered heterocyclic group containing 1 to 3 

heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)-amino-C 1 . 6 alkyl, 
(xi) a sulfamoyl-C 6 . 14 aryl-C^g alkyl, (xii) a C 6 . 14 aryl which may have a C^g alkoxy, (xiii) a C^g alkyl-C 6 . 14 
aryl which may have an optionally C^g alkyl-esterified phosphono group, (xiv) a 4- to 10-membered hetero- 
cyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to 

10 carbon atoms [this heterocyclic group may have 1 or 2 substituent(s) selected from a halogen atom, C^g alkyl 

and oxo] or (xv) a Cg_ 14 aryl-carbamoyl-C^g alkyl; 

(ii) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may contain 1 to 3 substituent(s) selected from the following (1 ) 

is to (8): 

(1) a halogen atom, 

(2) a C^g alkyl group [this alkyl may have a substituent selected from carboxy, C^g alkoxy, C^g alkoxy-carb- 
onyl, mono-C^ alkyl-amino, di-C^g alkyl-amino, carbamoyl, C^g alkyl-carbamoyl which may have a hydroxy, 
4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may have oxo, (4- to 10-membered heterocyclic ring con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)- 
carbamoyl, carbamoyl-C^g alkyl-carbamoyl], 

(3) a C^g alkoxy group, 

(4) a C 6 . 14 aryl group, 

(5) a C 7 . 16 aralkyl group [this C 7 . 16 aralkyl group may have a substituent selected from carboxy, C^g alkoxy- 
carbonyl, carbamoyl, C,_g alkyl-carbamoyl which may have a hydroxy, (4- to 10-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)- 
carbamoyl], 

(6) a 4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms [this 4- to 1 0-membered heterocyclic group may have a substituent 
selected from a C^g alkyl, C^g alkoxy-carbonyl, carbamoyl, oxo, 4- to 10-membered heterocyclic group con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms], 

(7) an oxo group, 

(8) an oxide group; 

(iii) a C 3 . 6 cycloalkyl group; or, 

(iv) a group represented by Formula: -L'-R 1a ' (!_' is methylene, carbonyl or an optionally substituted nitrogen atom, 
R 1a ' is (1) a hydrogen atom, (2) a C 6 . 14 aryl group which may have 1 to 5 substituent(s) selected from a C^g alkyl 
and C^g alkoxy, (3) a hydroxy group which may be substituted by a C^g alkyl group, (4) a C^g alkyl-amino group 
which may be substituted by a 4- to 10-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, oxygen and sulfur atoms in addition to carbon atoms, (6) a C 6 . 14 aryl-amino group or (7) a (4- to 1 0-mem- 
bered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition 
to carbon atoms)-amino group), 

each of R 2 and R 3 is (1 ) a hydrogen atom, (2) an optionally halogenated C^g alkyl group or (3) a C^g alkoxy- 
carbonyl group, 

R 2 and R 3 may be taken together with the adjacent carbon atom to form a C 3 . 8 cycloalkane, 
R 4 is (i) a hydrogen atom, (ii) a alkyl group [this C^g alkyl group may have a substituent selected from 
(1) a halogen atom, (2) a cyano group, (3) a C^g alkoxy group, (4) a hydroxy group, (5) an amino group, (6) a 
mono-C^g alkylamino group, (7) a di-C^g alkylamino group, (8) a tri-C^g alkylammonium group, (8) a 4- to 1 0-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
dition to carbon atoms which may have an oxo, (9) a C 6 . 14 arylthio, (1 0) an ureido, (1 1 ) a carboxy, (1 2) a carbamoyl, 
(13) a C^g alkoxy-carbonyl, (14) a mono-C^g alkyl-carbamoyl, (15) a formylamino, (16) aC^g alkyl-carboxamido] 
or (iii) a C 2 . 6 alkenyl group; 

X is a bond, oxygen atom, sulfur atom, -NH- or -N(methyl)-, 
R 5 is, 

when X is a bond, then (i) a hydrogen atom, (ii) a C^g alkyl group or (iii) a halogen atom, 
when X is an oxygen atom, then (i) a hydrogen atom, (ii) a C^g alkyl group [this C^g alkyl group may have 
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a substituent selected from (1) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a 
carbamoyl, (6) a C^g alkoxy-carbonyl, (7) a mono-C^g alkyl-carbamoyl, (8) a di-C^g alkyl-carbamoyl, (9) a 4- to 
1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms 
in addition to carbon atoms], (iii) a C 2 . 6 alkenyl group [this C 2 _ 6 alkenyl group may have a C 6 . 14 aryl.], (iv) a C 2 . 6 
alkynyl group, (v) a C 3 . 6 cycloalkyl group, (vi) a C 7 . 16 aralkyl group, (vii) a C^g alkyl-carbonyl group, (viii) a C 6 . 14 
aryl-carbonyl group, (ix) a C^g alkoxy-carbonyl group, (x) a mono- or di-C^g alkyl-thiocarbamoyl group, (xi) an 
optionally halogenated C^g alkyl-sulfonyl group or (xii) a 4- to 10-membered heterocyclic group containing 1 to 4 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this heterocyclic group 
may have a Cg_ u aryl], 

when X is a sulfur atom, then (i) a C^g alkyl group or (ii) a mono- or di-C,. 6 alkyl-carbamoyl group, 
when X is -NH- or -N(methyl)-, then (i) a hydrogen atom, (ii) a C^g alkyl group [this alkyl group may 
have a C^g alkoxy-carbonyl], (iii) formyl, (iv) a C^g alkyl-carbonyl group, (v) a C^g alkoxy-carbonyl group, (vi) a 
carbamoyl group, (vii) a mono- or di-C,. 6 alkyl-carbamoyl group or (viii) a C^g alkyl-sulfonyl group, 
each of R 6 and R 7 is a hydrogen atom or C^g alkyl group, 

R 6 and R 7 may be taken together with the adjacent carbon atom to form a C 3 . 8 cycloalkane, 

each of R 8 and R 9 is a hydrogen atom or a C^g alkyl group, 

Y is (1) a methylene group which may have a hydroxy group or (2) a carbonyl group, 

n is 0 or 1 . 

[Compound (l)-V] 

[0129] Compounds produced in Examples 1 to 588 or salts thereof. 
[Compound (l)-VI] 

[0130] Compounds produced in Examples 1 to 438 or salts thereof. 

[Compound (l)-VII] 

[0131] 

(i) 2-(Methylsulfinyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 } 8-tetramethylfuro[2 I 3-h]isoquinolin-1-yl)phenyl] 
acetamide, 

(ii) N-fmethylsulfonyO-N-tS-tS^.S.Q-tetrahydro-e-methoxy-S.S.e.S-tetramethylfuro^.S-hlisoquinolin-l-yOphenyl] 
methanesulfonamide, (iii) N-[2-(4-pyridinyl)ethyl]-3-(3,4 I 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h] 
isoquino!in-1-yl)benzamide, (iv) N-(2-amino-2-oxoethyl)-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro 
[2,3-h]isoquinolin-1-yl)benzamide, (v) N-methyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h] 
isoquinolin-1-yl)benzamide, (vi) N-ethyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 ) 8-tetramethylfuro[2,3-h]isoquino- 
lin-1-yl)benzamide, (vii) N-p'^S^.S^-tetrahydro-e-methoxy-S.S.S.e-tetramethylfurop^-hlisoquinolin-l-y^l .1'- 
biphenyl]-3-yl]acetamide, (viii) N-(2-amino-1 ,1-dimethyl-2-oxoethyl)-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 l 8-te- 
tramethylfuro[2,3-h]isoquinoiin-1-yl)benzamide, (ix) 3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h] 
isoquinolin-1-yl)-N-methylbenzamide, (x) N-^-amino^-oxoethyll-S-te-ethoxy-S^.S.g-tetrahydro-S^.S.S-tetrame- 
thylfuro[2,3-h]isoquinolin-1 -yl)benzamide, (xi) N-(2-amino-1 ,1 -dimethyl-2-oxoethyl)-3-(6-ethoxy-3,4,8,9-tetrahy- 
dro-S.S^.S-tetramethylfurop.S-hJisoquinolin-l-yObenzamide, (xii) N-[3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-te- 
tramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]methanesulfonamide, (xiii) N-(hydroxymethyl)-3-(3,4,8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide or its salts. 

[Compound (l)-VIII] 

[0132] 

(i) 2-(Methylsulfinyl)-N-[3-(3,4 l 8 l 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl] 
acetamide, 

(ii) N-(methylsulfonyl)-N-[3-(3 I 4 l 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl] 
methanesulfonamide, (iii) N-[2-(4-pyridinyl)ethyl]-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h] 
isoquinolin-1-yl)benzamide, (iv) N-(2-amino-2-oxoethyl)-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro 
[2,3-h]isoquinolin-1-yl)benzamide, (v)N-methyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h] 
isoquinolin-1-yl)benzamide, (vi) N-ethyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquino- 
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lin-1 -yl)benzamide, (vii) N-pXSAS^-tetrahydro^^ -yl)[1 ,1 '- 

biphenyl]-3-yl]acetamide or its salts. 

[0133] A compound having a partial structure represented by Formula: 




(A-1) 



wherein — is a single bond or double bond employed in a pharmaceutical composition according to the invention is 
typically a compound represented by Formula: 




(i-D 



wherein each of Ring A, Ring B and Ring C may have a substituent similar to that described above, more typically a 
compound represented by Formula: 




<r-D 



wherein is a single bond or double bond and other symbols are defined as descried above. 

[0134] When is a single bond, then N may have a hydrogen atom or a substituent described above. 

[0135] As Compound (A-1), (1-1) or (P-1) according to the invention, a compound produced in any of Examples 1 to 

588 and Reference Example 10 to 12, 112, 134, 135, 138 and 139 is specifically employed. 

[0136] A process for producing Compound (I) or (P) according to the invention is described below. It should be un- 
derstood that Compound (la), (lb) and (Ic) are encompassed in Compound (I). 

[0137] Compound (I) and (I') according to the invention can be obtained for example by the methods represented 
by Schemes 1 to 17 shown below or analogous methods. 

[0138] Compounds (A), (A-1), (1-1) and (P-1) can be produced also in accordance with the production methods de- 
scribed below. 

[0139] Unless otherwise specified, each symbol in a compound shown in a formula in the following schemes is 
defined as described above. In the schemes, Compounds (IT) to (LIT), (Llll) to (LXII) and (LXIIP) to (LXIX 1 ) encompass 
their respective salt forms, and such a salt may for example be one similar to a salt of Compound (I) or (P). 
[0140] Compounds (II'), (III'), (VI'), (Vlb'), (VII'), (Vila 1 ), (IX'), (XI*), (XIP), (XIII'), (XVIII 1 ), (XVIIIa'), (XX'), (XXI 1 ), (XXVII 1 ), 
(XXIX 1 ), (XXXP), (XXXIII'), (XXXIIIa'), (XXXVII'), (XXXVIII 1 ), (XL*), (XLI'), (XLVIP), (U), (LP), (Llll), (LVI), (LVIII), (LXIIP), 
(LXV) and (LXVIC) may readily be available commercially, or may be produced by a method known per se or an 
analogous method. 

[0141] Solvent referred to as general names employed in the following reactions are, unless otherwise specified, 
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alcohol including methanol, ethanol, 1-propanol, 2-propanol and tert-butyl alcohol, etc., ether including diethyl ether, 
diisopropyl ether, diphenyl ether, tetrahydrofuran, 1,4-dioxane and 1 ,2-dimethoxyethane, etc., hydrocarbon including 
benzene, toluene, cyclohexane and hexane, etc., amide including N.N-dimethylformamide, N,N-dimethylacetamide 
and hexamethylphosphoric triamide, etc., halogenated hydrocarbon including dichloromethane, chloroform, carbon 
5 tetrachloride and 1 ,2-dichloroethane, etc., nitrile including acetonitrile and propionitrile, etc., ketone including acetone 
and ethyl methyl ketone, etc., organic acid including formic acid, acetic acid, propionic acid, trifluoroacetic acid and 
methanesulfonic acid, etc., aromatic amine including pyridine, 2,6-lutidine and quinoline, etc., sulfoxide including dime- 
thyl sulfoxide, etc. 

[0142] Bases referred to as general names employed in the following reactions are, unless otherwise specified, 
10 inorganic base including sodium hydroxide, potassium hydroxide, lithium hydroxide and barium hydroxide, etc., basic 
salt including sodium carbonate, potassium carbonate, cesium carbonate, sodium hydrogen carbonate, sodium acetate 
and ammonium acetate, etc., aromatic amine including pyridine and lutidine, etc., tertiary amine including triethylamine, 
tripropylamine, tributylamine, N-ethyldiisopropylamine, cyclohexyldimethylamine, 4-dimethylaminopyridine, N,N- 
dimethylaniline, N-methylpiperidine, N-methylpyrrolidine and N-methylmorpholine, etc., alkaline metal hydride includ- 
es ing sodium hydride and potassium hydride, etc., metal amide including sodium amide, lithium diisopropylamide and 
lithium hexamethyldisilazide, etc., alkyl metal including butyllithium and tert-butyl lithium, etc., aryl metal including phe- 
nyllithium, etc., metal alkoxide including sodium methoxide, sodium ethoxide, sodium tert-butoxide and potassium tert- 
butoxide, etc. 

[0143] While a product can be used as a reaction solution or a crude material in the next reaction, it can be isolated 
20 from the reaction mixture according to a standard method, and can readily be purified by an ordinary separation pro- 
cedure (e.g., recrystallization, distillation, chromatography, etc.). 
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Scheme 1 




(X') (0 (Y = CH 2 . CH(OH), n o 0) (!') (Y « CH 2> n = 0) 



45 

[0144] Compound (IV) can be produced by reacting Compound (II 1 ) and Compound (III') wherein R 16 and R 17 are 
optionally substituted hydrocarbon groups which form a part of R 7 , and may be those similar to R 7 and when R 16 forms 
a homocyclic ring with R 6 then it may have a substituent similar to a substituent which may be possessed by a M 3- to 
8-membered homocyclic ring" and W is a leaving group, if desired in the presence of a base. 

so [0145] Said "leaving group" may for example be a hydroxy, halogen atom (for example, fluorine, chlorine, bromine, 
iodine, etc.), optionally halogenated C^alkylsulfonyloxy (for example, methanesulfonyloxy, ethanesulfonyloxy, trichlo- 
romethanesulfonyloxy, etc.), optionally substituted C 6 . 10 arylsulfonyloxy and the like. An "optionally substituted C 6 . 10 
arylsulfonyloxy" may for example, a Cg_iQ arylsulfonyloxy (e.g. , phenylsulfonyloxy, naphthylsulfonyloxy, etc.) which may 
have 1 to 3 substituent(s) selected from a C^g alkyl (e.g. methyl, ethyl, etc.), C,^ alkoxy (e.g., methoxy, ethoxy, etc.) 

55 and nitro, and those exemplified typically are phenylsulfonyloxy, m-nitrophenylsulfonyloxy, p-toluenesulfonyloxy and 
the like. 

[0146] The amount of Compound (III') employed is about 1 to about 5 moles, preferably about 1 to about 2 moles 
per mole of Compound (II 1 ). 
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[0147] Said "base" may for example be an inorganic base, basic salt, aromatic amine, tertiary amine, metal hydride, 
metal amide and metal alkoxide, etc. The amount of a base employed is about 1 to about 5 moles, preferably about 1 
to about 2 moles per mole of Compound (II 1 ). 

[01 48] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
5 is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 

ether, hydrocarbon, amide, halogenated hydrocarbon, nitrile, ketone and sulfoxide as well as a mixture thereof. 

[0149] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 

The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 100 °C. 

[0150] In addition to the reaction described above, Mitsunobu reaction (Synthesis, 1981, p1-27) can also be em- 
10 ployed. 

[0151] Said reaction allows Compound (II 1 ) and Compound (III') wherein W is OH to react with each other in the 
presence of an azodicarboxylate (e.g., diethylazodicarboxylate, etc.) and a phosphine (e.g., triphenylphosphine, trib- 
utylphosphine, etc.). 

[0152] The amount of Compound (III') wherein W is OH is about 1 to about 5 moles, preferably about 1 to about 2 
15 moles per mole of Compound (IT). 

[0153] The amount of each of said "azodicarboxylate" and "phosphine" employed is about 1 to about 5 moles, pref- 
erably about 1 to about 2 moles per mole of Compound (II'). 

[01 54] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an ether, 

20 hydrocarbon, amide, halogenated hydrocarbon, nitrile, ketone and sulfoxide as well as a mixture thereof. 

[01 55] The reaction time is usually about 5 minutes to about 48 hours, preferably about 1 0 minutes to about 24 hours. 

The reaction temperature is usually about -20 to about 200 °C, preferably about 0 to about 100 °C. 

[0156] Compound (V) is produced by subjecting Compound (IV) to a Claisen rearrangement. 

[0157] This reaction is conducted advantageously without using a solvent or with using a solvent which is inert to 

25 the reaction. While such a solvent is not limited particularly as long as the reaction is proceeded, it may for example 
be a solvent such as an alcohol, hydrocarbon, organic acid, ether, aniline (e.g., N,N-dimethylaniline, N,N-diethylaniline, 
etc.), phenol (e.g., 2,6-dimethylphenol, etc.) and halogenated hydrocarbon as well as a mixture thereof. 
[0158] This reaction may be conducted also using an acid catalyst if desired. Such an acid catalyst may be a Lewis 
acid such as aluminum chloride and boron tribromide, etc. The amount of an acid catalyst, for example, when using a 

30 Lewis acid, is about 0.1 to about 20 moles, preferably about 0.1 to about 5 moles per mole of Compound (IV). The 
reaction time is usually about 30 minutes to about 24 hours, preferably about 1 hour to about 6 hours. The reaction 
temperature is usually about -70 to about 300 °C, preferably about 150 to about 250 °C. 

[0159] Compound (VP) can be produced by subjecting Compound (V) to a ring closure reaction in the presence of 
a protonic acid, Lewis acid or iodine. Such a protonic acid may for example be mineral acid such as hydrochloric acid, 

35 hydrobromic acid, sulfuric acid, etc., sulfonic acid such as methanesulfonic acid, trifluoromethanesulfonic acid, fluor- 
osulfonic acid. Such a Lewis acid may for example be aluminum chloride, aluminum bromide, titanium (IV) chloride, 
tin (IV) chloride, zinc chloride, boron trichloride, boron tribromide and boron trifluoride, etc. While a protonic acid or 
Lewis acid is employed usually each alone, the both may be combined if necessary. When a protonic acid is employed, 
it is used in an amount of about 1 to about 200 moles, preferably about 1 to about 100 moles per mole of Compound 

40 (V). When a Lewis acid is employed, it is used in an amount of about 1 to about 5 moles, preferably about 1 to about 
3 moles per mole of Compound (V). When iodine is employed, it is used in an amount of about 0.05 to about 1 moles, 
preferably about 0.1 to about 0.5 moles per mole of Compound (V). 

[01 60] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an ether, 

45 hydrocarbon, amide, halogenated hydrocarbon, nitrile, ketone and sulfoxide as well as a mixture thereof. 

[0161] The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 120 °C. The 
reaction time is usually about 5 minutes to about 24 hours, preferably about 1 0 minutes to about 5 hours. 
[01 62] Compound (VIM 1 ) is produced by reacting Compound (VI 1 ) with Compound (VII') wherein R 18 is a hydrocarbon 
group and hal is a halogen, if desired in the presence of a base. 

so [0163] Said "hydrocarbon group" may for example be a linear or cyclic hydrocarbon group (e.g., C,. 6 alkyl (for ex- 
ample, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, etc.), C 3 _ 6 cycloalkyl (for ex- 
ample, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.), C 6 . 14 aryl (for example, phenyl, 1-naphthyl, 2-naphthyl, 
biphenylyl, 2-anthryl, etc.), etc.) and the like. 

[01 64] The amount of Compound (VI I') is about 1 to about 5 moles, preferably about 1 to about 2 moles per mole of 
55 Compound (VI 1 ). 

[0165] Said "base" may for example be an inorganic base, basic salt, aromatic amine, tertiary amine, alkaline metal 
hydride, alkyl metal, aryl metal, metal amide, metal alkoxide and the like. The amount of such a base employed is 
about 1 to about 5 moles, preferably about 1 to about 2 moles per mole of Compound (VI'). 
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[01 66] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
ether, hydrocarbon, amide, halogenated hydrocarbon, nitrile, sulfoxide, water as well as a mixture thereof. 
[0167] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 
5 The reaction temperature is usually about -100 to about 200 °C, preferably about -80 to about 150 °C. 

[0168] Compound (VIIT) is produced by reacting Compound (VT) with Compound (Vila 1 ) wherein R 19 is an optionally 
substituted hydrocarbon group, if desired in the presence of a base. 

[0169] Said "hydrocarbon group" may for example be a linear or cyclic hydrocarbon group (e.g., C^ 6 alkyl (for ex- 
ample, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, etc.), C 3 . 6 cycloalkyl (forex- 
10 ample, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.), C 6 . 14 aryl (for example, phenyl, 1-naphthyl, 2-naphthyl, 
biphenylyl, 2-anthryl), C 7 . 16 aralkyl (for example, benzyl, 1-naphthylmethyl)) and the like. 

[0170] A "substituent" on said "optionally substituted hydrocarbon group" may for example be a halogen atom (e.g., 
fluorine, chlorine, bromine, iodine, etc.) and an optionally halogenated C^g alkyl, etc. 

[0171] The amount of Compound (Vila 1 ) is about 1 to about 3 moles, preferably about 1 to about 1 .5 moles per mole 
15 of Compound (VI'). 

[0172] Said "base" may for example be an inorganic base, basic salt, aromatic amine, tertiary amine, metal hydride, 
alkyl metal, aryl metal, metal amide, metal alkoxide and the like. The amount of such a base employed is about 1 to 
about 5 moles, preferably about 1 to about 2 moles per mole of Compound (VI 1 ). 

[01 73] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
20 is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as alcohol, ether, 

hydrocarbon, amide, halogenated hydrocarbon, nitrile, sulfoxide, water as well as mixture thereof. 

[0174] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 

The reaction temperature is usually about -100 to about 200 °C, preferably about -80 to about 150 °C. 

[01 75] Compound (X 1 ) wherein Z is an optionally substituted hydroxy group or halogen can be produced by reacting 
25 Compound (VI') and Compound (IX') wherein M is a metal provided that a salt is included when M is polyvalent, followed 

if necessary by an acylation or halogenation. 

[0176] Z representing said "optionally substituted hydroxy group" may for example be hydroxy, optionally halogenated 
C^g alkylcarbonyloxy (e.g., acetyloxy, trifluoroacetyloxy, propionyloxy, etc.), optionally halogenated C^g alkylsulfony- 
loxy (e.g., methanesulfonyloxy, trifluoromethanesulfonyloxy, ethanesulfonyloxy, etc.), optionally substituted Cg_ 10 aryl- 
30 sulfonyloxy and the like. An "optionally substituted C 6 . 10 arylsulfonyloxy" may for example, a C 6 . 10 arylsulfonyloxy (e. 
g., phenylsulfonyloxy, naphthylsulfonyloxy, etc.) which may have 1 to 3 substituent(s) selected from a halogen, C^g 
alkyl, C^g alkoxy and nitro, and those exemplified typically are phenylsulfonyloxy, p-chlorophenylsulfonyloxy, m-nitro- 
phenylsulfonyloxy, p-toluenesulfonyloxy and the like. 

[0177] Said "metal" may for example be a magnesium halide (e.g., magnesium bromide, magnesium chloride, etc.), 
35 lithium and the like. 

[0178] The amount of Compound (IX 1 ) is about 1 to about 3 moles, preferably about 1 to about 1 .5 moles per mole 
of Compound (VI'). 

[0179] This reaction may employ additives if desired. 

[0180] Said "additives" may for example be cerium (III) chloride, copper (I) iodide and the like. The amount of an 
40 additive employed is usually about 0.1 to about 5 moles, preferably about 0.1 to about 2 moles per mole of Compound 
(VI'). 

[01 81 ] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an ether and 
hydrocarbon, as well as a mixture thereof. 
45 [0182] The reaction time is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 
hours. The reaction temperature is usually about -100 to about 150°C, preferably about -80 to about 100 °C. 
[0183] A resultant alcohol form is subjected to an acylation if necessary. 

[0184] Compound (X') wherein Z is a hydroxy group and an acylating agent are reacted if desired in the presence 
of a base or acid. 

50 [0185] Said "acylating agent" may for example be a corresponding carboxylic acid or a reactive derivative thereof 
(for example, acid halide, acid anhydride, ester, etc.), etc. Such an acylating agent is employed in an amount of about 
1 to about 5 moles, preferably about 1 to about 2 moles per mole of Compound (X 1 ). 

[0186] This reaction is conducted advantageously without using a solvent or with using a solvent which is inert to 
the reaction. While such a solvent is not limited particularly, as long as the reaction is proceeded, it may for example 
55 be a solvent such as an ether, hydrocarbon, amide, halogenated hydrocarbon, nitrile, ketone, sulfoxide, aromatic amine 
and water as well as a mixture thereof. 

[0187] A base employed if desired may for example be an inorganic base, basic salt, aromatic amine, tertiary amine 
and the like. 
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[0188] An acid employed if desired may for example be methanesulfonic acid, p-toluenesulfonic acid, camphorsul- 
fonic acid and the like.] 

[0189] The reaction temperature is usually about -20 to about 200 °C, preferably about 0 to about 150 °C. The 
reaction time is usually about 5 minutes to about 48 hours, preferably about 1 0 minutes to about 24 hours. 
5 [0190] A resultant alcohol form is subjected to a halogenation if necessary. 

[0191] Compound (X 1 ) wherein Z is a hydroxy group is reacted with a halogenating agent if desired in the presence 
of a base. 

[0192] Said "halogenating agent" may for example be athionyl halide such as thionyl chloride and thionyl bromide, 
etc., a phosphoryl halide such as phosphoryl chloride and phosphoryl bromide, etc., a phosphorus halide such as 
w phosphorus pentachloride, phosphorus trichloride, phosphorus pentabromide and phosphorus tribromide, etc., an oxa- 
lyl halide such as oxalyl chloride, etc., phosgene and the like. Such a halogenating agent is employed in an amount 
of about 1 to about 30 moles, preferably about 1 to about 10 moles per mole of Compound (X'). 
[01 93] Said "base" may for example be a tertiary amine. 

[0194] This reaction is conducted advantageously without using a solvent or with using a solvent which is inert to 
'5 the reaction. While such a solvent is not limited particularly as long as the reaction is proceeded, it may for example 

be a solvent such as a hydrocarbon, ether, amide, halogenated hydrocarbon as well as a mixture thereof. 

[01 95] The reaction time is usually about 1 0 minutes to about 1 2 hours, preferably about 1 0 minutes to about 5 hours. 

The reaction temperature is usually about -10 to about 200 °C, preferably about -10 to about 120 °C. 

[01 96] Compound (P) wherein Y is CH 2 or CH(OH) and n is 0 is produced by reacting Compound (VHP) with Compound 
20 (XP) in the presence of an acid or halogenating agent. 

[0197] The amount of Compound (XP) is about 0.5 to about 5 moles, preferably about 0.5 to about 2 moles per mole 

of Compound (VHP). Compound (XP) may be employed also as a solvent, and in such a case the amount used is about 

0.5 to about 1 0 mL, preferably about 1 to about 5 ml per gram of Compound (VHP). 

[0198] Said "acid" may for example be a mineral acid such as sulfuric acid, hydrogen chloride, hydrogen bromide, 
25 hydrogen iodide and perchloric acid or a Lewis acid such as boron trifluoride diethyl ether complex, zinc chloride and 
aluminum chloride. The amount of an acid employed is about 1 to about 5 moles, preferably about 1 to about 3 moles 
per mole of Compound (VHP). 

[01 99] Said "halogenating agent" may for example be a halogen such as bromine, chlorine and iodine, an imide such 
as N-bromosuccinimide, a halogen adduct such as benzyltrimethylammonium dichloroiodate and benzyltrimethylam- 
30 monium tribromide and the like. The amount of a halogenating agent is about 1 to about 5 moles, preferably about 1 
to about 2 moles per mole of Compound (VHP). 

[0200] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon, 
organic acid and halogenated hydrocarbon as well as a mixture thereof. 
35 [0201] The reaction time is usually about 10 minutes to about 48 hours, preferably about 15 minutes to about 24 
hours. The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 100 °C. 
[0202] Compound (P) wherein Y is CH 2 and n is 0 is produced also by reacting Compound (VHP) with Compound 
(XI P) in the presence of phosphoryl chloride. 

[0203] The amount of Compound (XIP) employed is about 0.5 to about 5 moles, preferably about 0.5 to about 3 moles 

40 per mole of Compound (VHP). 

[0204] The amount of phosphoryl chloride employed is about 0.5 to about 5 moles, preferably about 0.5 to about 3 
moles per mole of Compound (VHP). Phosphoryl chloride may be employed also as a solvent, and in such a case the 
amount used is about 0.5 to about 20 mL, preferably about 1 to about 10 mL per gram of Compound (VHP). 
[0205] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 

45 js not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon 
and halogenated hydrocarbon as well as a mixture thereof. 

[0206] The reaction time is usually about 10 minutes to about 48 hours, preferably about 15 minutes to about 24 
hours. The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 100 °C. 
[0207] Compound (P) wherein Y is CH 2 or CH(OH) and n is 0 is produced also from Compound (X 1 ) and Compound 
so (XP) similarly to the production of Compound (P) from Compound (VHP) and Compound (XP). 
[0208] Compound (P) is produced also by a process shown in Scheme 2. 
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Scheme 2 




(XIX) (l')(Y*CH 2 ,n=0) 

40 

[0209] Compound (XIV), wherein hal is a halogen, is produced by reacting Compound (XIIP) with a halogenating 
agent. 

[0210] Said "halogenating agent" may for example be a halogen such as bromine, chlorine and iodine, etc., an imide 
45 such as N-bromosuccinimide, etc., a halogen adduct such as benzyltrimethylammonium dichloroiodate and benzyltri- 
methylammonium tribromide and the like. The amount of a halogenating agent is about 1 to about 5 moles, preferably 
about 1 to about 2 moles per mole of Compound (XIII'). 

[021 1 ] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 

is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon, 
so organic acid and halogenated hydrocarbon as well as a mixture thereof. 

[0212] The reaction time is usually about 10 minutes to about 48 hours, preferably about 15 minutes to about 24 

hours. The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 100 °C. 

[0213] The process from Compound (XIV) to Compound (XVII') is conducted in accordance with the process for 

producing Compound (VP) from Compound (IP) in Scheme 1. 
55 [0214] Compound (XIX') is produced by reacting Compound (XVIP) with Compound (XVIII'), wherein R 3a is a divalent 

group formed by removing one hydrogen atom from R 3 and Wa is a leaving group, in the presence of a base. 

[0215] The amount of Compound (XVIIP) is about 1 to about 3 moles, preferably about 1 to about 1 .5 moles per mole 

of Compound (XVIP). 
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[0216] Said "leaving group" may for example be a halogen atom (for example, fluorine, chlorine, bromine, iodine, 
etc.), optionally halogenated C^ 5 alkylsulfonyloxy (for example, methanesulfonyloxy, ethanesulfonyloxy, trichlorometh- 
anesulfonyloxy, etc.), optionally substituted C^q arylsulfonyloxy and the like. An "optionally substituted C^q arylsul- 
fonyloxy" may for example, a C 6 . 10 arylsulfonyloxy (e.g., phenylsulfonyloxy, naphthylsulfonyloxy) which may have 1 to 

5 3 substituent(s) selected from a C^g alkyl (e.g. methyl, ethyl, etc.), C^. G alkoxy (e.g., methoxy, ethoxy, etc.) and nitro, 
and those exemplified typically are phenylsulfonyloxy, m-nitrophenylsulfonyloxy, p-toluenesulfonyloxy and the like. 
[0217] Said "base" may for example be metal amide, alkyl metal, aryl metal and the like. The amount of a base 
employed is about 1 to about 5 moles, preferably about 1 to about 2 moles per mole of Compound (XVII'). 
[0218] This reaction may employ additives if desired. 

10 [0219] Said "additives" may for example be cerium (III) chloride, copper (I) iodide and the like. The amount of an 
additive employed is usually about 0.1 to about 5 moles, preferably about 0.1 to about 2 moles per mole of Compound 
(XVII'). 

[0220] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an ether and 

15 hydrocarbon, as well as a mixture thereof. 

[0221] The reaction time is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 
hours. The reaction temperature is usually about -100 to about 150 °C, preferably about -80 to about 100 °C. 
[0222] Compound (I*), wherein Y is CH 2 and n is 0, is produced also from Compound (XIX 1 ) and Compound (XI 1 ) 
similarly to the production of Compound (I 1 ) from Compound (VII V) and Compound (XI 1 ). 

20 [0223] Compound (P) is produced also by a process shown in Scheme 3. 
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Scheme 3 




[0224] Compound (XXII') is produced by reacting Compound (VI 1 ) and Compound (XX'), wherein R 19 is an optionally 
substituted hydrocarbon group, in the presence of a base. 

45 [0225] Said "hydrocarbon group" may for example be a linear or cyclic hydrocarbon group (e.g., C,. 6 alkyl (for ex- 
ample, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, etc.), C 3 . 6 cycloalkyl (for ex- 
ample, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.), C 6 . 14 aryl (for example, phenyl, 1-naphthyl, 2-naphthyl, 
biphenylyl, 2-anthryl, etc.), Cj, 16 aralkyl (for example, benzyl, 1-naphthylmethyl, etc.), etc.) and the like. 
[0226] A "substituent" on said "optionally substituted hydrocarbon group" may for example be a halogen atom (e.g., 

so fluorine, chlorine, bromine, iodine, etc.) and an optionally halogenated C^. s alkyl, etc. 

[0227] The amount of Compound (XX') is about 1 to about 5 moles, preferably about 1 to about 2 moles per mole of 
Compound (VI'). 

[0228] Said "base" may for example be an alkaline metal hydride, alkyl metal, aryl metal, metal amide and the like. 
The amount of such a base employed is about 1 to about 5 moles, preferably about 1 to about 2 moles per mole of 
55 Compound (VI 1 ). 

[0229] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as ether and 
hydrocarbon as well as a mixture thereof. 
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[0230] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 
The reaction temperature is usually about -100 to about 150 °C, preferably about -80 to about 100 °C. 
[0231] Compound (XXII 1 ) is produced by reacting Compound (VI') with Compound (XXI'), wherein R 19 and hal are 
defined as described above, in the presence of zinc. 
5 [0232] The amount of each of Compound (XXI') and zinc employed is about 1 to about 5 moles, preferably about 1 
to about 2 moles per mole of Compound (VI 1 ). 

[0233] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as ether, hydro- 
carbon and nitrile as well as a mixture thereof. 
w [0234] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 
The reaction temperature is usually about 0 to about 200 °C, preferably about 0 to about 150 °C. 
[0235] Compound (XXIH') is produced by reducing Compound (XXIT). 

[0236] A reducing agent employed in such a reduction may for example be a silane such as triethylsilane, etc., a 
metal hydride such as tributyltin hydride, aluminum hydride and diisobutylaluminum hydride, etc., a metal hydrogen 
15 complex such as lithium aluminum hydride and sodium borohydride, etc., a borane complex such as borane tetrahy- 
drofuran complex and borane dimethylsulfide complex, etc. , an alkylborane such as. thexylborane and disiamylborane, 
etc., diborane, metal such as zinc, aluminum, tin and iron, etc., an alkaline metal such as sodium and lithium/liquid 
ammonia (Birch reduction) and the like. 

[0237] The amount of a reducing agent is about 1 to about 1 0 moles, preferably about 1 to about 3 moles per mole 
20 of Compound (XXIT) when a silane, metal hydride or metal hydrogen complex is employed, about 1 to about 1 0 moles, 
preferably about 1 to about 5 moles per mole of Compound (XXII 1 ) when a borane complex, alkyl borane or diborane 
is employed, and about 1 to about 20 equivalents, preferably about 1 to about 5 equivalents when metal or alkaline 
metal is employed. This reaction may employ a Lewis acid if desired. Said "Lewis acid" may for example be aluminum 
chloride, aluminum bromide, titanium (IV) chloride, tin (II) chloride, zinc chloride, boron trichloride, boron tribromide, 
25 boron trifluoride and the like. The amount of a Lewis acid employed is about 1 to about 5 moles, preferably about 1 to 
about 2 moles per mole of Compound (XXII'). 

[0238] A hydrogenation reaction may also serve for the reduction, and in such a case a catalyst such as Pd/C, 
platinum (IV) oxide, Raney nickel and Raney cobalt, etc. may be employed. The amount of a catalyst employed is 
about 5 to about 1000% by weight, preferably about 10 to about 300% by weight, based on Compound (XXII'). 

30 [0239] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be solvent such as alcohol, ether, 
hydrocarbon, halogenated hydrocarbon, amide and organic acid as well as a mixture thereof. 
[0240] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours, 
although it may vary depending on the type and the amount of the reducing agent employed and the activity and the 

35 amount of the catalyst. The reaction temperature is usually about -20 to about 120 °C, preferably about 0 to about 80 
°C. When a hydrogenation catalyst is employed, the pressure of hydrogen is usually about 1 to about 100 atm. 
[0241] Compound (XXIV) is produced by hydrolyzing the ester group of Compound (XXII I') using acid or base. 
[0242] The acidic hydrolysis usually employs mineral acid such as hydrochloric acid and sulfuric acid, a Lewis acid 
such as boron trichloride and boron tribromide, a combination of a Lewis acid and a thiol or sulfide, an organic acid 

40 such as trifluoroacetic acid and p-toluenesulfonic acid, etc. 

[0243] The basic hydrolysis usually employs an inorganic base, basic salt, metal alkoxide and the like. 

[0244] The amount of each of the acid and base employed is about 0.5 to about 10 moles, preferably about 0.5 to 

about 5 moles per mole of Compound (XXIH'). 

[0245] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
45 is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
hydrocarbon, organic acid, ether, amide, halogenated hydrocarbon, nitrile, ketone, sulfoxide and water as well as a 
mixture thereof. 

[0246] The reaction time is usually about 10 minutes to about 48 hours, preferably about 15 minutes to about 24 
hours. The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 100 °C. 
so [0247] Compound (XXV) is produced by subjecting Compound (XXIV) to a rearrangement directly or after converting 
into a reactive derivative thereof (for example, acid halide, acid amide, acid anhydride, ester, etc.). 
[0248] Said "rearrangement" may for example be a Curtius rearrangement, Hofmann rearrangement, Schmidt rear- 
rangement and the like. 

[0249] A case employing diphenylphosphoryl azide is described below. 
55 [0250] The amount of diphenylphosphoryl azide is about 1 to about 3 moles, preferably about 1 to about 1 .5 moles 
per mole of Compound (XXIV). 

[0251] This reaction is conducted if desired in the presence of a base. 
[0252] Said "base" is preferably tertiary amine, aromatic amine and the like. 
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[0253] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon, 
halogenated hydrocarbon and ether as well as a mixture thereof. 

[0254] The reaction time is usually about 10 minutes to about 48 hours, preferably about 15 minutes to about 24 
5 hours. The reaction temperature is usually about -20 to about 200 °C, preferably about 0 to about 150 °C. 

[0255] Other reaction conditions are those described in J I KKENKAGAKUKOZA 20, 4th edition (Ed. by Japanese 
Association of Chemistry), pages 304, 477 to 479. 

[0256] Compound (XXVI') is produced by subjecting Compound (XXV) to the acidic hydrolysis. 
[0257] The acidic hydrolysis usually employs a mineral acid such as hydrochloric acid and sulfuric acid, etc., a Lewis 
10 acid such as boron trichloride and boron tribromide, etc., a combination of a Lewis acid and a thiol or sulfide, an organic 
acid such as trifluoroacetic acid and p-toluenesulfonic acid, etc. 

[0258] The amount of such an acid employed is about 0.5 to about 1 0 moles, preferably about 0.5 to about 5 moles 
per mole of Compound (XXV). 

[0259] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
*5 is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon, 
ether, halogenated hydrocarbon, ketone, sulfoxide and water as well as a mixture thereof. 

[0260] The reaction time is usually about 10 minutes to about 48 hours, preferably about 15 minutes to about 24 

hours. The reaction temperature is usually about -20 to about 200 °C, preferably about 0 to about 150 °C. 

[0261] Compound (XXVIII') is produced by reacting Compound (XXVI 1 ) and Compound (XXVII 1 ), wherein V is an 

20 optionally substituted hydroxy group, halogen and the like, if desired in the presence of a base or acid. 

[0262] V, which represents said "optionally substituted hydroxy group" may for example be a hydroxy, optionally 
halogenated C^. 6 alkylcarbonyloxy (e.g., acetyloxy, trifluoroacetyloxy, propionyloxy, etc.), optionally halogenated Cj.g 
alkylsulfonyloxy (e.g., methanesulfonyloxy.trifluoromethanesulfonyloxy, ethanesulfonyloxy, etc.), optionally substituted 
C 6 . 10 arylsulfonyloxy, or a group represented by Formula: R 1 -C0 2 and the like. An "optionally substituted C 6 . 10 aryl- 

25 sulfonyloxy" may for example, a Cg. 10 arylsulfonyloxy (e.g., phenylsulfonyloxy, naphthylsulfonyloxy, etc.) which may 
have 1 to 3 substituent(s) selected from a halogen, C^g alkyl, C^ alkoxy and nitro, and those exemplified typically 
are phenylsulfonyloxy, p-chlorophenylsulfonyloxy, m-nitrophenylsulfonyloxy, p-toluenesulfonyloxy and the like. 
[0263] Compound (XXVI P) is employed in an amount of about 1 to about 5 moles, preferably about 1 to about 2 
moles per mole of Compound (XXVP). 

30 [0264] This reaction is conducted advantageously without using a solvent or with using a solvent which is inert to 
the reaction. While such a solvent is not limited particularly as long as the reaction is proceeded, it may for example 
be a solvent such as ether, hydrocarbon, amide, halogenated hydrocarbon, nitrile, ketone, sulfoxide, aromatic amine 
and water as well as a mixture thereof. 

[0265] A base employed if desired may for example be an inorganic base, basic salt, aromatic amine, tertiary amine 
35 and the like. 

[0266] An acid employed if desired may for example be methanesulfonic acid, p-toluenesulfonic acid, camphorsul- 
fonic acid and the like. 

[0267] The reaction temperature is usually about -20 to about 200 °C, preferably about 0 to about 150 °C. The 
reaction time is usually about 5 minutes to about 48 hours, preferably about 1 0 minutes to about 24 hours. 
40 [0268] Compound (XXVIIP) is produced also by reacting Compound (XXV) and Compound (XXIX'), wherein R 1d and 
R 1e are substituents forming a part of R 1 and each is a hydrogen atom or optionally substituted hydrocarbon group, if 
desired in the presence of a base or acid. 

[0269] Said "hydrocarbon group" may for example be a linear or cyclic hydrocarbon group (e.g., C^g alkyl (for ex- 
ample, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, etc.), C 3 . 6 cycloalkyl (for ex- 
45 ample, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.), C 6 . 14 aryl (for example, phenyl, 1-naphthyl, 2-naphthyl, 
biphenylyl, 2-anthryl, etc.), C^g aralkyl (for example, benzyl, 1-naphthylmethyl, etc.), etc.) and the like. 
[0270] The "substituent" on said "optionally substituted hydrocarbon group" may for example be a halogen atom (e. 
g., fluorine, chlorine, bromine, iodine, etc.) and an optionally halogenated C^g alkyl, etc. 

[0271] The amount of Compound (XXIX') is about 1 to about 3 moles, preferably about 1 to about 2 moles per mole 
so of Compound (XXV). 

[0272] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an ether, 
hydrocarbon, amide, halogenated hydrocarbon, nitrile and sulfoxide as well as a mixture thereof. 
[0273] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 
55 The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 100 °C. 

[0274] Compound (P), wherein Y is CH 2 and n is 0, is produced by subjecting Compound (XXVIIP) to an intramolecular 
cyclization using a halogenating agent and the like. 

[0275] Said "halogenating agent" may for example be phosphoryl chloride, phosphorus pentachloride, phosphorus 
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pentoxide, aluminum chloride and the like. 

[0276] The amount of said "halogenating agent" is about 1 to about 20 moles, preferably about 1 mole to about 5 
moles per mole of Compound (XXVIIT). Said "halogenating agent" may be used also as a solvent, and in such a case 
the amount used is about 0.5 to about 20 mL, preferably about 1 to about 10 ml_ per gram of Compound (XXVIII 1 ). 
[0277] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon, 
nitrile and halogenated hydrocarbon as well as a mixture thereof. 

[0278] The reaction temperature is usually about -20 to about 200 °C, preferably about 0 to about 150 °C. The 
reaction time is usually about 5 minutes to about 48 hours, preferably about 10 minutes to about 24 hours. 
[0279] Compound (I 1 ) is produced also by a process shown in Scheme 4. 
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[0280] Compound (XXX') is produced by reducing Compound (I 1 ) wherein n is 0. 

[0281] The reducing agent employed in such a reduction may for example be a metal hydride such as tributyltin 
hydride, aluminum hydride and diisobutylaluminum hydride, etc., a metal hydrogen complex such as lithium aluminum 
hydride and sodium borohydride, etc., a borane complex such as boranetetrahydrofuran complex and borane dimeth- 
ylsulfide complex, an alkylborane such as thexylborane and disiamylborane, etc., diborane, a metal such as zinc, 
aluminum, tin and iron, etc. , an alkaline metal such as sodium and lithium/liquid ammonia (Birch reduction) and the like. 
[0282] The amount of a reducing agent is about 1 to about 10 moles, preferably about 1 to about 3 moles per mole 
of Compound (I 1 ) when a silane, metal hydride or metal hydrogen complex is employed, about 1 to about 10 moles, 
preferably about 1 to about 5 moles per mole of Compound (I') when a borane complex, alkyl borane or diborane is 
employed, and about 1 to about 20 equivalents, preferably about 1 to about 5 equivalents when a metal or alkaline 
metal is employed. This reaction may employ a Lewis acid if desired. Said "Lewis acid" may for example be aluminum 
chloride, aluminum bromide, titanium (IV) chloride, tin (II) chloride, zinc chloride, boron trichloride, boron tribromide, 
boron trifluoride and the like. The amount of a Lewis acid employed is about 1 to about 5 moles, preferably about 1 to 
about 2 moles per mole of Compound (I 1 ). 

[0283] A hydrogenation reaction may also serve for the reduction, and in such a case a catalyst such as Pd/C, 
platinum (IV) oxide, Raney nickel and Raney cobalt may be employed. The amount of a catalyst employed is about 5 
to about 1 000% by weight, preferably about 1 0 to about 300% by weight, based on Compound (I 1 ). 
[0284] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
ether, hydrocarbon, amide and organic acid as well as a mixture thereof. 

[0285] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours, 
although it may vary depending on the type and the amount of the reducing agent employed and the activity and the 
amount of the catalyst. The reaction temperature is usually about -20 to about 120 °C, preferably about 0 to about 80 
°C. When a hydrogenation catalyst is employed, the pressure of hydrogen is usually about 1 to about 100 atm. 
[0286] Compound (I') wherein n is 1 is produced by oxidizing Compound (XXX'). 

[0287] An oxidizing agent employed in such an oxidation may for example be hydrogen peroxide, etc. The amount 
of an oxidizing agent employed is about 1 to about 20 moles, preferably about 1 to about 5 moles per mole of Compound 
(XXX 1 ). 

[0288] In this reaction, it is preferable to use a catalyst such as sodium tungstate (VI). The amount of such a catalyst 

is about 0.05 to about 1 moles, preferably about 0.05 to about 0.5 moles per mole of Compound (XXX'). 

[0289] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
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is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
hydrocarbon, amide, halogenated hydrocarbon and water as well as a mixture thereof. 

[0290] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 
The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 100 °C. 



Scheme 5 




(XXXVI 1 ) (VP) 



[0291] Compound (XXXII') is produced from Compound (XIII') and Compound (XXXI 1 ), wherein R 16 , R 17 and W are 
defined as described above, similarly to the production of Compound (IV) from Compound (N') and Compound (III'). 
[0292] Compound (XXXIV) is produced from Compound (XXXII 1 ) and Compound (XXXIII'). wherein R1* and hal are 
defined as described above, similarly to the production of Compound (VIII') from Compound (VI') and Compound (VII'). 
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[0293] Compound (XXXIV) is also produced from Compound (XXXII') and Compound (XXXIIIa'), wherein R 19 is 
defined as described above, similarly to the production of Compound (VHP) from Compound (VI') and Compound (VI la'). 
[0294] Compound (XXXIV) is also produced from Compound (XIII') and Compound (lir) similarly to the production 
of Compound (IV) from Compound (IT) and Compound (III'). 
5 [0295] The process from Compound (XXXIV) to Compound (XXXVI 1 ) is conducted in accordance with the process 
for producing Compound (VI 1 ) from Compound (IV) in Scheme 1. 

[0296] Compound (VI 1 ) is produced by reacting Compound (XXXVI 1 ) with a formamide in the presence of an acid 
catalyst. 

[0297] Said "formamide" may for example be dimethylformamide and N-methylformanilide, etc. The formamide is 
10 used in an amount of about 1 to about 1 0 moles, preferably about 1 to about 5 moles per mole of Compound (XXXVI'). 
[0298] Said "acid catalyst" may for example be phosphoryl chloride and thionyl chloride. Such an acid catalyst is 
employed usually in an amount of about 1 to about 1 0 moles, preferably about 1 to about 5 moles per mole of Compound 
(XXXVI'). 

[0299] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
*5 js not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an amide, ether, 
hydrocarbon, halogenated hydrocarbon and nitrile as well as a mixture thereof. 

[0300] The reaction time is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 
hours. The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 100 °C. 
[0301] Compound (VI') is produced also by reacting Compound (XXXVI') with a dichloromethylalkyl ether in the 
20 presence of an acid catalyst. 

[0302] Said "dichloromethylalkyl ether" may for example be dichloromethylmethyl ether and dichloromethylbutyl 
ether, etc. The dichloromethylalkyl ether is used in an amount of about 1 to 5 moles, preferably about 1 to 3 moles per 
mole of Compound (XXXVI 1 ). 

[0303] Said "acid catalyst" may for example be titanium (IV) chloride, aluminum chloride or tin (IV) chloride. An acid 
25 catalyst is used in an amount of about 1 to 5 moles, preferably about 1 to 3 moles per mole of Compound (XXXVI'). 
[0304] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an ether, 
hydrocarbon, halogenated hydrocarbon and nitrile as well as a mixture thereof. 

[0305] The reaction time is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 
30 hours. The reaction temperature is usually about -20 to about 100 °C, preferably about 0 to about 80 °C. 



Scheme 6 
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[0306] Compound (XXXIX') is produced by reacting Compound (XXXVII') wherein hal is a halogen with Compound 
(XXXVI IP) wherein R 8a is a divalent group formed by removing one hydrogen atom from R 8 and W is defined as de- 
50 scribed above similarly to the production of Compound (IV) from Compound (IP) and Compound (IIP). 

[0307] Compound (VP) is produced by subjecting Compound (XXXIX') to a ring closure in the presence of a catalyst 
or in the presence of a radical initiator. 

[0308] In a case of a ring closure using a catalyst, said "catalyst" may for example be a palladium such as palladium 
(II) acetate and palladium (II) chloride, etc. The amount of a catalyst employed is about 0.01 to about 0.5 mole, preferably 
55 about 0.01 to about 0.2 moles per mole of Compound (XXXIX*). 

[0309] This reaction preferably employs additives. Said "additives" may for example be a quaternary ammonium salt 
such as tetrabutylammonium chloride, etc., tetramethylammonium chloride and tetraethylammonium chloride, a metal 
halide such as lithium chloride, etc., triphenylphosphine and the like. The amount of additives employed is usually 
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about 1 to about 5 moles, preferably about 1 to about 2 moles per mole of Compound (XXXIX 1 ). 

[0310] This reaction preferably employs a base if desired. Said "base" may for example be an inorganic base, basic 

salt, aromatic amine, tertiary amine, metal alkoxide and the like. The amount of such a base employed is about 1 to 

about 5 moles, preferably about 1 to about 2 moles per mole of Compound (XXXIX 1 ). 
5 [0311] In addition, it is preferable to add a formate such as sodium formate in this reaction. The amount of such a 

formate employed is about 1 to about 5 moles, preferably about 1 to about 2 moles per mole of Compound (XXXIX 1 ). 

[031 2] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 

is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 

ether, hydrocarbon, amide and ketone as well as a mixture thereof. 
w [0313] The reaction time is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 

hours. The reaction temperature is usually about 0 to about 150 °C, preferably about 0 to about 120 °C. 

[0314] In a case of a ring closure using a radical initiator, said "radical initiator" may for example be benzoyl peroxide, 

2,2 , -azobis(isobutyronitrile) and the like. The amount of a radical initiator employed is about 0.01 to about 1 moles, 

preferably about 0.01 to about 0.1 moles per mole of Compound (XXXIX 1 ). 
*5 [031 5] This reaction employs a radical source and the like. Said "radical source" may for example be hypophospho- 

rous acid, tris(trimethylsilyl)silane, tributyltin hydride and the like. The amount of a radical source employed is about 1 

to about 100 moles, preferably about 1 to about 50 moles per mole of Compound (XXXIX 1 ). 

[0316] This reaction preferably employs a base if desired. Said "base" may for example be inorganic base, basic 
salt, aromatic amine, tertiary amine, metal alkoxide and the like. The amount of such a base employed is about 1 to 
20 about 5 moles, preferably about 1 to about 2 moles per mole of Compound (XXXIX'). 

[0317] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
ether, hydrocarbon, amide and ketone as well as a mixture thereof. 

[0318] The reaction time is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 
25 hours. The reaction temperature is usually about 0 to about 200 °C, preferably about 0 to about 150 °C. 



Scheme 7 




» (XUV) (XXXVIa 1 ) (Via') 



[0319] Compound (XLIT) is produced by reacting Compound (XL') with Compound (XLI'), wherein R 19 and W is 
defined as described above, similarly to the production of Compound (IV) from Compound (IT) and Compound (III'). 
55 [0320] Compound (XLIIP) is produced by subjecting Compound (XLIT) to a ring closure in the presence of a base. 
Said "base" may for example be an inorganic salt. The amount of a base employed is about 1 to about 10 moles, 
preferably about 1 to about 5 moles per mole of Compound (XLIT). 

[0321] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 



65 



EP 1 270 577 A1 



10 



15 



20 



25 



is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
ether, hydrocarbon and water as well as a mixture thereof. 

[0322] The reaction time is usually about 10 minutes to about 48 hours, preferably about 30 minutes to about 24 
hours. The reaction temperature is usually about 0 to about 150 °C, preferably about 0 to about 120 °C. 
[0323] Compound (XLIV) is produced by subjecting Compound (XLIIT) to a decarboxylation in the presence of cop- 
per. 

[0324] The amount of copper employed is about 0.1 to about 5 moles, preferably about 0.5 to about 3 moles per 
mole of Compound (XLIIT). 

[0325] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as a hydrocarbon 
including tetrahydronaphthalene, etc., ether including diphenyl ether, etc., aromatic amine including quinoline, etc. and 
a tertiary amine including N.N-diethylaniline, etc. as well as a mixture thereof. 

[0326] The reaction time is usually about 10 minutes to about 24 hours, preferably about 15 minutes to about 12 
hours. The reaction temperature is usually about 100 to about 300 °C, preferably about 100 to about 250 °C. 
[0327] Compound (XXXVIa') is produced by subjecting Compound (XLIV) to a hydrogenation. In this reaction, a 
hydrogenation catalyst such as Pd/C, platinum (IV) oxide, Raney nickel and Raney cobalt, etc. may be employed. The 
amount of the catalyst employed is about 5 to about 1 000% by weight, preferably about 1 0 to about 300% by weight, 
based on Compound (XLIV). 

[0328] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as alcohol, ether, 
hydrocarbon, amide and organic acid as well as a mixture thereof. 

[0329] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours, 
although it may vary depending on the activity and the amount of the catalyst employed. The reaction temperature is 
usually about -20 to about 120 °C, preferably about 0 to about 80 °C. The pressure of hydrogen is usually about 1 to 
about 100 atm. 

[0330] Compound (Via 1 ) is produced from Compound (XXXVIa 1 ) similarly to the production of Compound (VI") from 
Compound (XXXVI 1 ). 
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P + (R 18 ) 3 <hal)- 



(VIIC) 



55 



[0331] Compound (XLV) is produced from Compound (VI') similarly to the production of Compound (XXX') from 
Compound (I'). 

[0332] Compound (XLVI'), wherein R 18 and hal are defined as described above, is produced by halogenating Com- 
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pound (XLV) followed by a reaction with a corresponding phosphine. 

[0333] The halogenating agent employed in such a halogenation may for example be thionyl halide such as thionyl 
chloride and thionyl bromide, etc., a phosphoryl halide such as phosphoryl chloride and phosphoryl bromide, etc., a 
phosphorus halide such as phosphorus pentachloride, phosphorus trichloride, phosphorus pentabromide and phos- 
5 phorus tribromide, etc., an oxalyl halide such as oxalyl chloride, etc., phosgene and the like. Such a halogenating agent 
is employed in an amount of about 0.1 to about 30 moles, preferably about 0.2 to about 1 0 moles per mole of Compound 
(XLV). 

[0334] This reaction is conducted if desired in the presence of a base. Said "base" is preferably a tertiary amine, and 
the like. 

w [0335] This reaction is conducted advantageously without using a solvent or with using a solvent which is inert to 
the reaction. While such a solvent is not limited particularly as long as the reaction is proceeded, it may for example 
be a solvent such as a hydrocarbon, ether, amide and halogenated hydrocarbon as well as a mixture thereof. 
[0336] The reaction time is usually about 10 minutes to about 12 hours, preferably about 1 0 minutes to about 5 hours. 
The reaction temperature is usually about -10 to about 200 °C, preferably about -10 to about 120 °C. 

15 [0337] The phosphine employed in the subsequent reaction with the phosphine may for example be triphenylphos- 
phine, tri-otolylphosphine, tributylphosphine and the like. The phosphine is employed in an amount of about 1 to about 
3 moles, preferably about 1 to about 1 .5 moles per mole of Compound (XLV). 

[0338] This reaction is conducted advantageously without using a solvent or with using a solvent which is inert to 
the reaction. While such a solvent is not limited particularly as long as the reaction is proceeded, it may for example 

20 be a solvent such as an ether, hydrocarbon, halogenated hydrocarbon and nitrile as well as a mixture thereof. 

[0339] The reaction temperature is usually about -20 to about 200 °C, preferably about 0 to about 150 °C. The 
reaction time is usually about 5 minutes to about 48 hours, preferably about 10 minutes to about 24 hours. 
[0340] Compound (VI IT) is also produced from Compound (XLVI 1 ) and Compound (XLVH 1 ) similarly to the production 
of Compound (VHP) from Compound (VI 1 ) and Compound (VIP). 

25 [0341] Compound (VHP) is also produced by a process shown in Scheme 9. 




[0342] The process from Compound (XXXV) to Compound (VHP), wherein R 3a and W are defined as described 



67 



EP 1 270 577 A1 

above, is conducted in accordance with the process for producing Compound (VI') from Compound (II*) in Scheme 1 . 
Scheme 10 
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[0343] Compound (Vlc') p wherein hal is a halogen, is produced from Compound (Vlb*) similarly to the production of 

35 Compound (XIV) from Compound (Vlb'). 

[0344] Compound (Villa 1 ) is produced from Compound (VIC) and Compound (VIT), wherein R 18 and hal are defined 
as described above, similarly to the production of Compound (VIII') from Compound (VI') and Compound (VII 1 ). 
[0345] Compound (Villa') is produced from Compound (Vic 1 ) and Compound (Vila'), wherein R 19 is defined as de- 
scribed above, similarly to the production of Compound (VI I T) from Compound (VI 1 ) and Compound (Vila 1 ). 

40 [0346] Compound (VIM 1 ), wherein X is a sulfur atom, is produced by reacting Compound (Villa 1 ) with a disulfide 
compound (U) in the presence of a base. The amount of Compound (L') employed is about 1 to about 30 moles, 
preferably about 1 to about 15 moles per mole of Compound (Villa 1 ). 
[0347] Said "base" may for example be an alkyl metal, aryl metal and the like. 

[0348] The amount of a base employed is about 1 to about 15 moles, preferably about 1 to about 10 moles per mole 
45 of Compound (Villa 1 ). 

[0349] This reaction employs additives if desired. 

[0350] Such "additives" may for example be N,N,N\N'-tetramethylethylenediamine and the like. The amount of ad- 
ditives is about 1 to about 15 moles, preferably about 1 to about 10 moles per mole of Compound (Villa 1 ). 
[0351] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
so is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an ether and 
hydrocarbon as well as a mixture thereof. 

[0352] The reaction time is usually about 30 minutes to about 48 hours, preferably about 1 hour to about 24 hours. 
The reaction temperature is usually about -100 to about 100 °C, preferably about -80 to about 60 °C. 
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Scheme 11 




(vr) (Lir) (xxvia 1 ) (R 3 = H) 



15 [0353] Compound (LIT) is produced by reacting Compound (VI 1 ) and Compound (LI') if desired in the presence of a 
base. 

[0354] The amount of Compound (LI') employed is about 1 to about 5 moles, preferably about 1 to about 2 moles 
per mole of Compound (VI'). Compound (LI 1 ) may be also employed as a solvent, and in such a case the amount used 
is about 0.5 to about 20 mL, preferably about 1 to about 10 mL per gram of Compound (VI 1 ). 
20 [0355] Said "base" may for example be an inorganic base, basic salt, aromatic amine, primary amine (n-butylamine, 
etc.), tertiary amine, metal hydride, metal amide and metal alkoxide, etc. The amount of a base employed is about 0.1 
to about 10 moles, preferably about 0.5 to about 5 moles per mole of Compound (VI*). 

[0356] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 

25 ether, hydrocarbon, amide, halogenated hydrocarbon and water as well as a mixture thereof. 

[0357] The reaction time is usually about 30 minutes to about 12 hours, preferably about 1 hour to about 6 hours. 
The reaction temperature is usually about -20 to about 200 °C, preferably about 0 to about 150 °C. 
[0358] Compound (XXVIa 1 ) is produced by reducing Compound (LIP). The reducing agent employed in such a re- 
duction may for example be metal hydride such as aluminum hydride and diisobutylaluminum hydride, etc., metal 

30 hydrogen complex such as lithium aluminum hydride and sodium borohydride, etc., a metal such as zinc, aluminum, 
tin and iron, etc. The amount of the reducing agent employed is about 1 to about 10 moles, preferably about 1 to about 
5 moles per mole of Compound (LIT) when a metal hydride or metal hydrogen complex is employed, while it was about 
1 to about 20 equivalents, preferably about 1 to about 5 equivalents when a metal is employed. In this reaction, a Lewis 
acid may be employed if desired. Said "Lewis acid" may for example be aluminum chloride, aluminum bromide, titanium 

35 (IV) chloride, tin (II) chloride, zinc chloride, boron trichloride, boron tribromide, boron trifluoride and the like. The amount 
of a Lewis acid employed is about 1 to about 1 0 moles, preferably about 1 to about 5 moles per mole of Compound (LI I'). 
[0359] A hydrogenation reaction may also serve for the reduction, and in such a case the catalyst such as Pd/C, 
platinum (IV) oxide, Raney nickel and Raney cobalt, etc. may be employed. The amount of the catalyst employed is 
about 5 to about 1000% by weight, preferably about 10 to about 300% by weight, based on Compound (LIT). In such 
a case, various hydrogen sources may be employed instead of gaseous hydrogen. Said "hydrogen source" may for 
example be formic acid, ammonium formate, triethylammonium formate, sodium phosphinate, hydrazine and the like. 
The amount of such a hydrogen source is about 1 to about 10 moles, preferably about 1 to about 5 moles, per mole 
of Compound (LIT). 

[0360] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
45 is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
ether, hydrocarbon, amide and organic acid as well as a mixture thereof. 

[0361] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours, 
although it may vary depending on the type and the amount of the reducing agent employed and the activity and the 
amount of the catalyst. The reaction temperature is usually about -20 to about 120 °C, preferably about 0 to about 80 
50 °C. When a hydrogenation catalyst is employed, the pressure of hydrogen is usually about 1 to about 1 00 atm. 

[0362] Compound (la), wherein Ring C" may have a substituent other than R 1 , R 2 and R 3 , is produced by a process 
shown in Scheme 12. 



55 



69 



EP 1 270 577 A1 



Scheme 12 




[0363] Compound (LIV) is produced from Compound (Llil) and Compound (VII'), wherein R 18 and hal are defined 
as described above, similarly to the production of Compound (VIII*) from Compound (VI') and Compound (VII'). 
[0364] Compound (LIV) is also produced from Compound (Llll) and Compound (Vila'), wherein R 19 is defined as 
described above, similarly to the production of Compound(VIIP) from Compound (VI 1 ) and Compound (Vila'). 
[0365] Compound (LV), wherein Z is defined as described above, is produced from Compound (Llll) and Compound 
(IX'), wherein M is defined as described above, similarly to the production of Compound(X') from Compound (VI 1 ) and 
Compound (IX'). 

[0366] Compound (la) is produced from Compound (LIV) and Compound (XI 1 ) similarly to the production of Com- 
pound (I') from Compound (VIM') and Compound (XI 1 ). 

[0367] Compound (la) is also produced from Compound (LIV) and Compound (XII') similarly to the production of 
Compound (I*) from Compound (VIII 1 ) and Compound (XII 1 ). 

[0368] Compound (la) is also produced from Compound (LV) and Compound (XT) similarly to the production of Com- 
pound (I') from Compound (X') and Compound (XI'). 

[0369] Compound (la'), wherein Ring C" is defined as described above, is also produced by the process shown in 
Scheme 13. 
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Scheme 13 




[0370] Compound (LVII) is produced from Compound (LVI), wherein hal is a halogen, and Compound (XVIIT), wherein 
R 3a and Wa are defined as described above, similarly to the production of Compound (XIX 1 ) from Compound (XVII 1 ) 
and Compound (XVIII 1 ). 

[0371] Compound (la) is also produced from Compound (LVII) and Compound (XI 1 ) similarly to the production of 
Compound (I 1 ) from Compound (XIX') and Compound (XI 1 ). 

[0372] Compound (la), wherein Ring C" is defined as described above, is also produced by a process shown in 
Scheme 14. 



Scheme 14 




/R 1d R 1e NH 
(XXIX 1 ) 
(R 1 = NR 1d R 1e ) 



R'-CO-V 




[0373] Compound (LIX), wherein Y is a methylene group which may have 1 or 2 substituent(s) is produced from 
Compound (LVI II) similarly to the production of Compound (XXV) from Compound (XXIV). 

[0374] The "substituent" on said "methylene group which may have substituent(s)" may for example be a C^ alkyl 
group. 

[0375] Compound (LX) is produced from Compound (LIX) similarly to the production of Compound (XXVI 1 ) from 
Compound (XXV). 

[0376] Compound (LXI) is produced from Compound (LX) and Compound (XXVI I'), wherein V is defined as described 
above, similarly to the production of Compound (XXVIII') from Compound (XXVI 1 ) and Compound (XXVII'). 
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[0377] Compound (LXI) is also produced from Compound (LIX) and Compound (XXIX 1 ), wherein R 1d and R 1e are 
defined as described above, similarly to the production of Compound (XXVIII') from Compound (XXV) and Compound 
(XXIX'). 

[0378] Compound (Ic) wherein Ring C a may have a substituent in the position except for a nitrogen atom is produced 
also by a process shown in Scheme 15. 




[0379] Compound (LXII) is produced from Compound (lb), wherein Ring C a is defined as described above, similarly 
to the production of Compound (XXX') from Compound (P). 

[0380] Compound (Ic) is produced from Compound (LXII) similarly to the production of Compound (l')from Compound 
(XXX 1 ). 

[0381] Compound (la) is also produced from Compound (LXI) similarly to the production of Compound (I 1 ) from Com- 
pound (XXVIII'). 
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[0382] Compound (LXIV) is produced by reacting Compound (VI') and Compound (LXIII') in the presence of an acid 
anhydride and a base. 

^0 [0383] The amount of Compound (LXIII*) Is about 1 to about 5 moles, preferably about 1 to about 2 moles per mole 
of Compound (VI 1 ). 

[0384] Said "acid anhydride" may for example be acetic anhydride and the like. The amount of such an acid anhydride 
is about 1 to about 20 moles, preferably about 1 to about 10 moles per mole of Compound (VP). 
[0385] Said "base" may for example be inorganic base, basic salt, aromatic amine, tertiary amine, potassium fluoride/ 
45 alumina and the like. The amount of the base employed is about 1 to about 5 moles, preferably about 1 to about 2 
moles per mole of Compound (VP). 

[0386] This reaction is conducted advantageously without using a solvent or using a solvent which is inert to the 
reaction. While such a solvent is not limited particularly as long as the reaction is proceeded, it may for example be a 
solvent such a hydrocarbon and halogenated hydrocarbon as well as a mixture thereof. 
so [0387] The reaction time is usually about 1 0 minutes to about 1 2 hours, preferably about 1 5 minutes to about 6 hours. 
The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 120 °C. 
[0388] Compound (LXVP) is produced by reacting Compound (LXIV) and Compound (LXV), wherein R 19 is defined 
as described above, in the presence of a base. 

[0389] The amount of Compound (LXV) is about 1 to about 1 0 moles, preferably about 1 to about 5 moles per mole 
55 of Compound (LXIV). Compound (LXV) may be employed also as a solvent, and in such a case the amount used is 
about 0.5 to about 50 mL, preferably about 1 to about 20 mL per gram of Compound (LXIV). 
[0390] Said "base" may for example be an inorganic base, basic salt, aromatic amine, tertiary amine and the like. 
The amount of such a base employed is about 0.01 to about 1 mole, preferably about 0.01 to about 0.1 moles per mole 
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of Compound (LXIV). 

[0391] This reaction is conducted advantageously without using a solvent or with using a solvent which is inert to 
the reaction. While such a solvent is not limited particularly as long as the reaction is proceeded, it may for example 
be a solvent such as an alcohol, ether, hydrocarbon, amide, halogenated hydrocarbon, nitrile, ketone and sulfoxide as 
well as a mixture thereof. 

[0392] The reaction time is usually about 1 0 minutes to about 1 2 hours, preferably about 1 5 minutes to about 6 hours. 
The reaction temperature is usually about -20 to about 150 °C, preferably about 0 to about 100 °C. 
[0393] Compound (XXVIIIa'), wherein R 2a is an optionally substituted hydrocarbon group or acyl group and may be 
same to those represented by R 2 , is produced by reducing Compound (LXVI'). 

[0394] A reducing agent employed in such a reduction may for example be a metal hydride such as aluminum hydride 
and diisobutylaluminum hydride, etc., a metal hydrogen complex such as lithium aluminum hydride and sodium boro- 
hydride, etc., a metal such as zinc, aluminum, tin and iron, etc. The amount of a reducing agent employed is about 1 
to about 10 moles, preferably about 1 to about 5 moles per mole of Compound (LXVT) when a metal hydride or metal 
hydrogen complex is employed, while it was about 1 to about 20 equivalents, preferably about 1 to about 5 equivalents 
when a metal is employed. In this reaction, a Lewis acid may be employed if desired. Said "Lewis acid" may for example 
be aluminum chloride, aluminum bromide, titanium (IV) chloride, tin (II) chloride, zinc chloride, boron trichloride, boron 
tribromide, boron trifluoride and the like. The amount of a Lewis acid employed is about 1 to about 1 0 moles, preferably 
about 1 to about 5 moles per mole of Compound (LXVT). 

[0395] A hydrogenation reaction may also serve for the reduction, and in such a case a catalyst such as Pd/C, 
platinum (IV) oxide, Raney nickel and Raney cobalt may be employed. The amount of a catalyst employed is about 5 
to about 1000% by weight, preferably about 10 to about 300% by weight, based on Compound (LXVI'). In such a case, 
various hydrogen sources may be employed instead of gaseous hydrogen. Said "hydrogen source" may for example 
be formic acid, ammonium formate, triethylammonium formate, sodium phosphinate, hydrazine and the like. The 
amount of such a hydrogen source is about 1 to about 10 moles, preferably about 1 to about 5 moles, per mole of 
Compound (LXVI 1 ). 

[0396] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be solvent such as alcohol, ether, 
hydrocarbon, amide and organic acid as well as a mixture thereof. 

[0397] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours, 
although it may vary depending on the type and the amount of the reducing agent employed and the activity and the 
amount of the catalyst. The reaction temperature is usually about -20 to about 120 °C, preferably about 0 to about 80 
°C. When a hydrogenation catalyst is employed, the pressure of hydrogen is usually about 1 to about 100 atm. 
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[0398] Compound (LXVIIT) is produced by reacting Compound (VI') and Compound (LXVH 1 ) in the presence of a 
base followed by a reaction with alcohol. 

[0399] The amount of Compound (LXVH') employed is about 1 to about 5 moles, preferably about 1 to about 2 moles 
per mole of Compound (VI 1 ). 

[0400] Said "base" may for example be an inorganic base, basic salt, aromatic amine, tertiary amine, metal hydride, 
metal amide and metal alkoxide, etc. The amount of a base employed is about 1 to about 5 moles, preferably about 1 
to about 3 moles per mole of Compound (VI'). 

[0401 ] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
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is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as ether, hydro- 
carbon, amide, halogenated hydrocarbon, nitrile and sulfoxide as well as a mixture thereof. 

[0402] The reaction time is usually about 1 0 minutes to about 6 hours, preferably about 1 5 minutes to about 3 hours. 
The reaction temperature is usually about -100 to about 50 °C, preferably about -80 to about 50 °C. 
5 [0403] The amount of an alcohol employed subsequently is about 1 to about 30 mL, preferably about 2 to about 20 
mL per gram of Compound (VT). 

[0404] The reaction time is usually about 1 0 minutes to about 1 2 hours, preferably about 1 5 minutes to about 6 hours. 

The reaction temperature is usually about -100 to about 150 °C, preferably about -80 to about 100 °C. 

[0405] Compound (LXIX'), wherein Y' is a methylene group having 1 or 2 substituent(s) is produced by alkylating 

10 Compound (LXVIIP) in the presence of a base. 

[0406] The "substituent" on said "methylene group which has substituents" may for example be a C,_ 6 alkyl group, etc. 
[0407] Said "base" may for example be an inorganic base, basic salt, aromatic amine, tertiary amine, metal hydride, 
metal amide and metal alkoxide, etc. The amount of a base employed is about 1 to about 5 moles, preferably about 1 
to about 3 moles per mole of Compound (LXVIT). 

15 [0408] An alkylating agent may for example be a hydrocarbon having a leaving group. 

[0409] Said "leaving group" may for example be a halogen atom (for example, fluorine, chlorine, bromine, iodine, 
etc.), optionally halogenated C^ alkylsulfonyloxy (for example, methanesulfonyloxy, ethanesulfonyloxy, trichlorometh- 
anesulfonyloxy, etc.), optionally substituted Cg_ 10 arylsulfonyloxy and the like. An "optionally substituted C 6 . 10 arylsul- 
fonyloxy" may for example, a C 6 . 10 arylsulfonyloxy (e.g., phenylsulfonyloxy, naphthylsulfonyloxy, etc.) which may have 

20 1 to 3 substituent(s) selected from a C^e alkyl (e.g. methyl, ethyl, etc.), C^. e alkoxy (e.g., methoxy, ethoxy, etc.) and 
nitro, and those exemplified typically are phenylsulfonyloxy, m-nitrophenylsulfonyloxy, p-toluenesulfonyloxy and the 
like. 

[0410] Said "hydrocarbon" may for example be a C^. 6 alkyl group, etc. 

[0411] The amount of an alkylating agent employed in this reaction is about 1 to about 10 moles, preferably about 
25 1 to about 3 moles per mole of Compound (LXVIII 1 ). 

[0412] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 

is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as alcohol, ether, 

hydrocarbon, amide, halogenated hydrocarbon, nitrile, sulfoxide and water as well as a mixture thereof. 

[0413] The reaction time is usually about 30 minutes to about 12 hours, preferably about 1 hour to about 6 hours. 
30 The reaction temperature is usually about -50 to about 150 °C, preferably about -20 to about 100 °C. 

[0414] Compound (XXVIb 1 ), wherein Y is a methylene which may have 1 or 2 substituent(s), is produced by hydro- 

lyzing the nitrile of Compound (LXIX') to form an acid amide followed by a reduction. 

[0415] The "substituent" on said "methylene group which may have substituents" may for example be a C^ alkyl 
group. 

35 [0416] Said "hydrolyzing" reaction is conducted using a base in the presence of hydrogen peroxide. The amount of 
hydrogen peroxide employed is about 1 to about 5 mole, preferably about 1 to about 3 moles per mole of Compound 
(LXIX'). 

[041 7] Said "base" may for example be an inorganic base, basic salt and the like. The amount of the base employed 

is about 1 to about 5 moles, preferably about 1 to about 3 moles per mole of Compound (LXIX 1 ). 
40 [041 8] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 

is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as alcohol, ether, 

hydrocarbon, amide, halogenated hydrocarbon, sulfoxide and water as well as a mixture thereof. 

[0419] The reaction time is usually about 30 minutes to about 36 hours, preferably about 1 hour to about 24 hours. 

The reaction temperature is usually about -20 to about 100 °C, preferably about 0 to about 80 °C. 
45 [0420] Other hydrolysis reaction conditions are those described in JIKKENKAGAKUKOZA 22, 4th edition (Ed. by 

Japanese Association of Chemistry), pages 151 to 153. 

[0421] A reducing agent employed in a subsequent reduction may for example be metal hydride such as aluminum 
hydride and diisobutylaluminum hydride, etc., a metal hydrogen complex such as lithium aluminum hydride and sodium 
borohydride, etc., a metal such as zinc, aluminum, tin and iron, etc. The amount of a reducing agent employed is about 

so 1 to about 1 0 moles, preferably about 1 to about 5 moles per mole of Compound (LXIX') when a metal hydride or metal 
hydrogen complex is employed, while it was about 1 to about 20 equivalents, preferably about 1 to about 5 equivalents 
when a metal is employed. In this reaction, a Lewis acid may be employed if desired. Said "Lewis acid" may for example 
be aluminum chloride, aluminum bromide, titanium (IV) chloride, tin (II) chloride, zinc chloride, boron trichloride, boron 
tribromide, boron trifluoride and the like. The amount of a Lewis acid employed is about 1 to about 10 moles, preferably 

55 about 1 to about 5 moles per mole of Compound (LXIX 1 ). 

[0422] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
ether, hydrocarbon, amide and organic acid as well as a mixture thereof. 
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[0423] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours, 
although it may vary depending on the type and the amount of the reducing agent employed. The reaction temperature 
is usually about -20 to about 120 °C, preferably about 0 to about 80 °C. 
[0424] Compound (XXVIb') is produced also by reducing Compound (LXIX') directly. 

5 [0425] The reducing agent employed in such a reduction may for example be a metal hydride such as aluminum 
hydride and diisobutylaluminum hydride, etc., a metal hydrogen complex such as lithium aluminum hydride and sodium 
borohydride, a metal such as zinc, aluminum, tin and Iron. The amount of a reducing agent employed is about 1 to 
about 10 moles, preferably about 1 to about 5 moles per mole of Compound (LXIX 1 ) when a metal hydride or metal 
hydrogen complex is employed, while it was about 1 to about 20 equivalents, preferably about 1 to about 5 equivalents 

10 when a metal is employed. In this reaction, a Lewis acid may be employed if desired. Said "Lewis acid" may for example 
be aluminum chloride, aluminum bromide, titanium (IV) chloride, tin (II) chloride, zinc chloride, boron trichloride, boron 
tribromide, boron trifluoride and the like. The amount of a Lewis acid employed is about 1 to about 1 0 moles, preferably 
about 1 to about 5 moles per mole of Compound (LXIX'). 

[0426] A hydrogenation reaction may also serve for the reduction, and in such a case a catalyst such as Pd/C, 

15 platinum (IV) oxide, Raney nickel and Raney cobalt, etc. may be employed. The amount of a catalyst employed is 
about 5 to about 1000% by weight, preferably about 10 to about 300% by weight, based on Compound (LXIX 1 ). This 
reaction may employ an amine such as ammonia, etc. if desired. The amount of the amine employed is about 1 to 
about 50 moles, preferably about 1 to about 20 moles per mole of Compound (LXIX 1 ). It is also possible that various 
hydrogen sources may be employed instead of gaseous hydrogen. Said "hydrogen source" may for example be formic 

20 acid, ammonium formate, triethylammonium formate, sodium phosphinate, hydrazine and the like. The amount of such 
a hydrogen source is about 1 to about 10 moles, preferably about 1 to about 5 moles, per mole of Compound (LXIX'). 
[0427] This reaction is conducted advantageously using a solvent which is inert to the reaction. While such a solvent 
is not limited particularly as long as the reaction is proceeded, it may for example be a solvent such as an alcohol, 
ether, hydrocarbon, amide and organic acid as well as a mixture thereof. 

25 [0428] The reaction time is usually about 1 hour to about 100 hours, preferably about 1 hour to about 50 hours, 
although it may vary depending on the type and the amount of the reducing agent employed and the activity and the 
amount of the catalyst. The reaction temperature is usually about -20 to about 120 °C, preferably about 0 to about 80 
°C. When a hydrogenation catalyst is employed, the pressure of hydrogen is usually about 1 to about 100 atm. 
[0429] Compound (XXVIb') is produced also from Compound (LXVIII') similarly to the production of Compound 

30 (XXVIb') from Compound (LXIX 1 ). 

[0430] Compound (XXVI Ma') is produced from Compound (XXVIb 1 ) and Compound (XXVII') similarly to the production 
of Compound (XXVIII 1 ) from Compound (XXVI') and Compound (XXVII'). 

[0431] Compound (P) is produced from Compound (XXVI I la') similarly to the production of Compound (I') from Com- 
pound (XXVIII'). 

35 [0432] In. each of the reactions described above, a starting compound having an amino, carboxy or hydroxy as its 
substituent may be present as a compound in which a protective group employed ordinarily in a peptide chemistry has 
been introduced into such a substituent, and an intended compound can be obtained by deprotection if necessary after 
the reaction. 

[0433] A protective group for an amino may for example be a formyl or each optionally substituted C^g alkyl-carbonyl 
40 (for example, acetyl, propionyl, etc.), benzoyl, C,. 6 alkoxy-carbonyl (for example, methoxycarbonyl, ethoxycarbonyl, 
etc.), phenyloxycarbonyl, C 7 . 10 aralkyloxy-carbonyl (for example, benzyloxycarbonyl, etc.), trityl, phthaloyl and the like. 
Its substituent may for example be a halogen atom (for example, fluorine, chlorine, bromine, iodine, etc.), C^g alkyl- 
carbonyl (for example, acetyl, propionyl, valeryl, etc.), nitro and the like, and the number of the substituents may be 1 
to 3. 

45 [0434] A protective group for a carboxy may for example be each optionally substituted C^g alkyl (for example, 
methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, etc.), phenyl, trityl, silyl and the like. Its substituent may for example 
be a halogen atom (for example, fluorine, chlorine, bromine, iodine, etc.), formyl, C^g alkyl-carbonyl (for example, 
acetyl, propionyl, butylcarbonyl, etc.), nitro, C^g alkyl (for example, methyl, ethyl, tert-butyl, etc.) and C 6 . 10 aryl (for 
example, phenyl, naphthyl, etc.), and the number of the substituents may be 1 to 3. 

so [0435] A protective group for a hydroxy may for example be a formyl or each optionally substituted C^g alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, etc.), phenyl, C 7 . n aralkyl (for example, benzyl, etc.), C^g 
alkyl-carbonyl (for example, acetyl, propionyl, etc.), phenyloxycarbonyl, C 7 .^ aralkyloxy-carbonyl (for example, ben- 
zyloxycarbonyl, etc.), tetrahydropyranyl, tetrahydrofuranyl, silyl and the like. Its substituent may for example be a hal- 
ogen atom (for example, fluorine, chlorine, bromine, iodine, etc.), C v6 alkyl (for example, methyl, ethyl, tert-butyl, etc.), 

55 c 7 . u aralkyl (for example, benzyl, etc.), Cg_ 10 aryl (for example, phenyl, naphthyl, etc.). nitro, etc., and the number of 
the substituents may be 1 to 3. 

[0436] A deprotection method may be a method known per se such as a treatment with an acid, base, U V, hydrazine, 
phenylhydrazine, sodium N-methyldithiocarbamate, tetrabutylammonium fluoride, Palladium (II) acetate and the like, 
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as well as a reduction. 

[0437] In any case, a deprotection, acylation, alkylation, hydrogenation, oxidation, reduction, carbon chain elongation 
and substituent exchange reaction are further employed If necessary alone or in combination with each other to syn- 
thesize Compound (A), (I), (P), (A-1), (1-1) or (M). These reactions may employ the methods described for example 

5 in S I N J I KKEN KAGAKU K02A , Vols. 14 and 15, 1977 (MARUZEN) and the like. 

[0438] When an objective product is obtained in a free form by a reaction described above, then it may be converted 
in accordance with an ordinary method into a salt, and when it is obtained as a salt then it may be converted in ac- 
cordance with an ordinary method into a free form or another salt. Compound (A), (I), (P), (A-1), (1-1) or (l'-1) thus 
obtained can be isolated and purified from a reaction solution by a known method such as a partition, concentration, 

10 solvent extraction, fraction distillation, crystallization, recrystallization, chromatography and the like. 

[0439] When Compound (A), (I), (P), (A-1 ), (1-1 ) or (P-1 ) is present as a configuration isomer, diastereomer, conformer 
and the like, then it can be isolated if desired by a separation or purification procedure described above. When Com- 
pound (A), (I), (P), (A-1 ), (1-1 ) or (P-1 ) is present as a racemate, it can be resolved into S form and R form by an ordinary 
optical resolution method. 

is [0440] When Compound (A), (I), (P), (A-1), (1-1) or (P-1) has its stereoisomers, then individual isomers or a mixture 
thereof may also encompassed in the invention. 

[0441] Compound (A), (I), (P), (A-1), (1-1) or (P-1) may be a hydrate or anhydrous substance. 

[0442] Compound (A), (I), (P), (A-1), (1-1) or (P-1) maybe labeled with an isotope (for example, 3 H, U C, 35 S) and the 

like. 

20 [0443] A compound represented by Formula: 



25 



30 




(wherein each of R 2a and R 33 is an optionally substituted aliphatic hydrocarbon group or acyl group, 
35 R*a is a hydrogen atom, optionally substituted hydrocarbon group, acyl group or optionally substituted hydroxy 

group, 

R 5a is an optionally substituted hydrocarbon group, acyl group, optionally substituted heterocyclic group or hal- 
ogen atom, 

Each of R 6a , R 7a , R 8a and R 9a is a hydrogen atom or optionally substituted hydrocarbon group, 
^0 x a is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom), or by Formula: 



45 



50 




(wherein each of R 2a and R 33 is an optionally substituted aliphatic hydrocarbon group or acyl group, 

R 4 * is a hydrogen atom, optionally substituted hydrocarbon group, acyl group or optionally substituted hydroxy 
group, 

R 5a is an optionally substituted hydrocarbon group, acyl group, optionally substituted heterocyclic group or hal- 
ogen atom, 
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Each of R 6a , R 7a R 8a and R 9a is a hydrogen atom or optionally substituted hydrocarbon group, 
X a is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, 
Z is an optionally substituted hydroxy group or halogen atom, or a salt thereof, is a novel compound. 
[0444] An "aliphatic hydrocarbon group" of an "optionally substituted aliphatic hydrocarbon group" represented by 
R 2a and R 3a may for example be a linear hydrocarbon or alicyclic hydrocarbon group such as an alkyl group, alkenyl 
group, alkynyl group, cycloalkyl group and the like, with a linear (straight or branched) or alicyclic hydrocarbon group 
having 1 to 16 carbon atoms being preferred. Specifically, those listed below are employed. 

(1) Linear hydrocarbon groups: 

alkyl groups [preferably, a lower alkyl group (for example, aC u alkyl group such as methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl and the like)], 

(2) Alicyclic hydrocarbon groups: 

cycloalkyl groups [preferably, a lower cycloalkyl group (for example, a C 3 . 6 cycloalkyl group such as cyclopro- 
pyl, cyclobutyl, cyclopentyl, cyclohexyl and the like) and this lower cycloalkyl group may be fused with benzene 
ring.], 

and a substituent on such a "aliphatic hydrocarbon group" may for example be a group selected from the group 
(hereinafter referred to as Substituent Group B) consisting of (1) a halogen atom, (2) a C^. 3 alkylenedioxy 
group, (3) a nitro group, (4) an optionally halogenated C^ 6 alkyl group, (5) a C 3 . 6 cycloalkyl group, (6) a C 6 . 14 
aryl group, (7) an optionally halogenated C v6 alkoxy group, (8) an optionally halogenated C^g alkylthio group, 
(9) a hydroxy group, (10) an amino group, (11) a mono-C-,_ 6 alkylamino group, (12) a mono-C 6 _ 14 arylamino 
group, (1 3) a di-C,. 6 alkylamino group, (1 4) a di-Cg_ 14 arylamino group, (1 5) an acyl group selected from formyl, 
carboxy, carbamoyl, C-j.g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, 
C 7 .-| 6 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy-carbonyl, (5- or 6-membered heterocycle hav- 
ing, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-car- 
bonyl, mono-C.j. 6 alkyl-carbamoyl, di-C^g alkyl -carbamoyl, Cg_ 14 aryl -carbamoyl, (5- or 6-membered hetero- 
cycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-carbamoyl, C^ G alkyl-thiocarbonyl, C3_ 6 cycloalkyl-thiocarbonyl, C^ 6 alkoxy-thiocarbonyl, C 6 . 14 aryl- 
thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thiocar- 
bamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, 
di-C^g alkylsulfamoyl, C 6 . 14 arylsulfamoyl, Cj.g alkylsulfonyl, Cg_ 14 arylsulfonyl, C,. 6 alkylsulfinyl, C 6 . 14 aryl- 
sulfinyl, sulfino, sulfo, alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, 
(16) an acylamino group selected from formylamino, C^g alkyl-carboxamido, C 6 . 14 aryl-carboxamido, C,. 6 
alkoxy-carboxamido, C^g alkylsulfonylamino and C 6 . 14 arylsulfonylamino, (1 7) an acyloxy group selected from 
C^g alkyl-carbonyloxy, C 6 . 14 aryl-carbonyloxy, C^g alkoxy-carbonyloxy, mono-C,.g alkyl -carbarn oyloxy, 
di-C-i.g alkyl-carbamoyloxy, C 6 . 14 aryl-carbamoyloxy and nicotinoyloxy. (1 8) a 4- to 14-membered heterocyclic 
group having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms, (19) a phosphono group, (20) a Cg_ 14 aryloxy group, (21) a di-C^g alkoxy-phosphoryl group, (22) a 
C 6 . 14 arylthio group, (23) a hydrazino group, (24) an imino group, (25) an oxo group, (26) an ureido group, 
(27) a C^g alkyl-ureido group, (28) a di-C^g-alkyl-ureido group, (29) an oxide group and (30) a group formed 
by binding 2 or 3 groups selected from (1 ) to (29) listed above. Those exemplified typically as these substituents 
are those exemplified with regard to Substituent Group A described above. 

[0445] An "acyl group" represented by R 2a and R 3a is one similar to an "acyl group" represented by R 2 and R 3 . 
[0446] Any of "optionally substituted hydrocarbon group", "acyl group" and "optionally substituted hydroxy group" 
represented by R 4a is one similar to any of "optionally substituted hydrocarbon group", "acyl group" and "optionally 
substituted hydroxy group" represented by R 4 . 

[0447] Any of "optionally substituted hydrocarbon group", "acyl group", "optionally substituted heterocyclic group" 
and "halogen atom" represented by R 5a is one similar to any of "optionally substituted hydrocarbon group", "acyl group", 
"optionally substituted heterocyclic group" and "halogen atom" represented by R 5 . 

[0448] An "optionally substituted hydrocarbon group" represented by R 6a , R 7a , R 8a and R 9a is one similar to an 
"optionally substituted hydrocarbon group" represented by R 6 , R 7 , R 8 and R 9 . 

[0449] Any of "optionally oxidized sulfur atom" and "optionally substituted nitrogen atom" represented by X a is one 



79 



EP 1 270 577 A1 

similar to an "optionally oxidized sulfur atom" or "optionally substituted nitrogen atom" represented by X. 
[0450] An "optionally substituted hydroxy group" represented by Z may for example be a group represented by For- 
mula: -OZ a wherein Z a is a hydrogen atom, optionally substituted hydrocarbon group or acyl group. 
[0451] Any of "optionally substituted hydrocarbon group" and "acyl group" represented by Z a is one similar to any of 
5 "optionally substituted hydrocarbon group" and "acyl group" represented by Ft 2 . 

[0452] A halogen atom represented by Z is a fluorine atom, chlorine atom, bromine atom and iodine atom. 
[0453] Compounds (B) and (C) are preferably those listed below. 

(1 ) Compounds (B) and (C) wherein each of R 2a and R 3a is (1 ) a C^g alkyl group which may be substituted by <1 > 
10 a halogen atom, <2> a hydroxy group which may be substituted by a substituent selected from a C^ G alkyl, C,. 6 

alkyl-carbonyl, C^g alkylsulfonyl and C 7 . 16 aralkyl, <3> an amino group which may be substituted by 1 or 2 C^g 
alkyl, C^g alkyl-carbonyl and C 6 . 14 aryl-carbonyl, <4> a 4- to 10-membered heterocyclic group containing 1 to 3 
heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms, <5> a thio group which 
may be substituted by C^ 6 alkyl, <6> a C^ 6 alkyl-sulfinyl group or <7> a C^ G alkyl-sulfonyl group or (2) a C^ 6 
15 alkoxy-carbonyl group, 

R 43 is (i) a hydrogen atom, (ii) a C,_ 6 alkyl group [this C^g alkyl group may have a substituent selected from 

(1) a halogen atom, (2) a C,. 6 alkoxy group, (3) a hydroxy group, (4) an amino group, (5) a mono-C^g alkylamino 
group, (6) a di-C^g alkylamino group, (7) a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an oxo, (8) a 

20 C 6 . 14 arylthio, (9) an ureido, (10) a carboxy, (11) a carbamoyl, (12) a C^g alkoxy-carbonyl, (13) a mono-C^g alkyl- 

carbamoyl, (14) a formylamino and (15) a C^g alkyl-carboxamido] or (iii) a formyl group; 
X a is a bond, oxygen atom, optionally oxidized sulfur atom, -NH- or -N(methyl)-, 
R 5a is, 

when X a is a bond, then (i) a C^g alkyl group or (ii) a halogen atom, 

25 when X a is an oxygen atom, then (i) a C^g alkyl group [this C^g alkyl group may have a substituent selected 

from (1 ) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a carbamoyl, (6) a C A . 6 alkoxy- 
carbonyl, (7) a mono-C^g alkyl-carbamoyl, (8) a di-C^ alkyl-carbamoyl, (9) a 4- to 10-membered heterocyclic 
group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms], 
(ii) a C 3 _ 6 cycloalkyl group, (iii) a C 7 . 16 aralkyl group, (iv) a C^g alkyl-carbonyl group, (v) a C 6 . 14 aryl-carbonyl 

30 group, (vi) a C^g alkoxy-carbonyl group, (vii) a mono- or di-C^g alkyl-thiocarbamoyl group, (viii) an optionally 

halogenated C-,. 6 alkyl-sulfonyl group or (ix) a 4- to 1 0-membered heterocyclic group containing 1 to 4 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this heterocyclic group may have 
a Cg_ 14 aryl], 

when X a is an optionally oxidized sulfur, then (i) a C^g alkyl group or (ii) a mono- or di-C^g alkyl-carbamoyl 
35 group, 

when X a is -NH- or -N(methyl)-, then (i) a C^g alkyl group [this C^g alkyl group may have a C-,. 6 alkoxy- 
carbonyl], (ii) formyl, (iii) a C^g alkyl-carbonyl group, (iv) a C^g alkoxy-carbonyl group, (v) a carbamoyl group, (vi) 
a mono- or di-C^g alkyl-carbamoyl group or (vii) a C,.g alkyl-sulfonyl group, 

each of R 6a , R 7a , R 8a and R 9a is a hydrogen atom or C^g alkyl group, 
40 Z is (i) a hydroxy group which may be substituted by a C^g alkyl-carbonyl or (ii) a halogen atom. 

(2) Compounds (B) produced in Reference Examples 5, 6, 26, 27, 30, 57, 60, 63, 95 and 137. 

(3) Compounds (C) produced in Reference Examples 7, 8 and 115. 

[0454] A prodrug for an inventive Compound (I), (I'), (1-1) or (P-1) is a compound which is converted into Compound 
45 (I). (I'). (1-1) or (P-1) under a physiological condition as a result of a reaction with an enzyme or gastric acid, thus a 
compound undergoing an enzymatic oxidation, reduction or hydrolysis to form Compound (I), (I 1 ), (1-1) or (M) and a 
compound hydrolyzed by gastric acid to form Compound (I), (P), (1-1) or (1-1). A prodrug for Compound (I), (P), (1-1) or 
(P-1) may for example be a compound obtained by subjecting an amino group in Compound (I), (P), (1-1) or (P-1) to an 
acylation, alkylation or phosphorylation (e.g., a compound obtained by subjecting an amino group in Compound (I), 
50 (P), (|-1 ) or (P-1 ) to an eicosanoylation, alanylation, pentylaminocarbonylation, (5-methyl-2-oxo-1 ,3-dioxolen-4-yl)meth- 
oxycarbonylation, tetrahydrofuranylation, pyrrolidylmethylation, pivaloyloxymethylation and tert-butylation, etc.); a 
compound obtained by subjecting a hydroxy group in Compound (I), (P), (1-1) or (P-1) to an acylation, alkylation, phos- 
phorylation or boration (e.g., a compound obtained by subjecting an hydroxy in Compound (I), (P), (1-1) or (P-1) to an 
acetylation, palmitoylation, propanoylation, pivaloylation, succinylation, fumarylation, alanylation, dimethylaminometh- 
55 ylcarbonylation, etc.); a compound obtained by subjecting a carboxy group in Compound (I), (P), (1-1) or (P-1) to an 
esterification or amidation (e.g., a compound obtained by subjecting a carboxy group in Compound (I), (P), (1-1) or (P- 
1) to an ethylesterification, phenylesterification, carboxymethylesterification, dimethylaminomethylesterification, pival- 
oyloxymethylesterification, ethoxycarbonyloxyethylesterification, phthalidylesterif ication , (5-methyl-2-oxo-1 ,3-dioxo- 
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len-4-yl)methylesterification, cyclohexyioxycarbonylethylesterification and methylamidation, etc.) and the like. Any of 
these compounds can be produced from Compound (I), (P), (1-1) or (P-1) by a method known per se. 
[0455] A prodrug for Compound (I), (I 1 ), (1-1) or (P-1) may also be one which is converted into Compound (I), (I 1 ), (I- 
1) or (P-1) under a physiological condition, such as those described in "IYAKUHIN no KAIHATSU (Development of 
Pharmaceuticals)", Vol.7, Design of Molecules, p.163-198, Published by HIROKAWA SHOTEN (1990). 
[0456] As a salt of Compound (A), (I), (I'), (A-1 ), (1-1 ), (P-1 ), (B) or (C) may for example be a physiologically acceptable 
salt. For example, a salt with an inorganic base, ammonium, organic base, inorganic acid, organic acid, basic or acidic 
amino acid may be employed. A salt with an inorganic base may for example be an alkaline metal salt such as sodium 
and potassium salts, etc., an alkaline earth metal salt such as calcium and magnesium salts, etc., aluminum and the 
like. A salt with an organic base may for example be a salt with trimethylamine, triethylamine, pyridine, picoline, 2,6-lu- 
tidine, ethanolamine, diethanolamine, triethanolamine, cyclohexylamine, dicyclohexylamine or N,N'-dibenzylethylen- 
ediamine, etc. A salt with an inorganic acid may for example be a salt with hydrochloric acid, hydrobromic acid, nitric 
acid, sulfuric acid or phosphoric acid, etc. A salt with an organic salt may for example be a salt with formic acid, acetic 
acid, trifluoroacetic acid, phthalic acid, fumaric acid, oxalic acid, tartaric acid, maleic acid, citric acid, succinic acid, 
malic acid, methanesulfonic acid, benzenesulfonic acid or p-toluenesulfonic acid, etc. A salt with a basic amino acid 
may for example be a salt with arginine, lysine or ornithine, etc., and a salt with acidic amino acid may for example be 
a salt with aspartic acid or glutamic acid, etc. 

[0457] Among those listed above, a pharmacologically acceptable salt is preferred, including, a salt with an inorganic 
acid such as hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid and phosphoric acid, etc., a salt with an 
organic acid such as acetic acid, phthalic acid, fumaric acid, oxalic acid, tartaric acid, maleic acid, citric acid, meth- 
anesulfonic acid and p-toluenesuifonic acid, etc. when Compound (I) or (P) has a basic functional group, as well as an 
alkaline metal salt such as sodium salt and potassium salt, etc., an alkaline earth metal salt such as calcium salt and 
magnesium salt, etc., and an ammonium salt when Compound (I) or (P) has a acidic functional group. 
[0458] Since Compound (A), (I), (P), (A-1), (1-1), (P-1) according to the invention or a salt thereof (including a prodrug 
for Compound (I), (1-1), (P), (P-1)) (hereinafter abbreviated as an inventive compound) has an excellent phosphodieste- 
rase (PDE) IV-inhibiting effect and a low toxicity and also is safe, it can be employed as a prophylactic or therapeutic 
agent in mammals (for example, human, mouse, dog, rat, cattle, etc.) against inflammatory diseases, for example, 
bronchial asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease, diabetes, 
graft versus host disease, multiple sclerosis, sepsis, psoriasis, osteoporosis, depression, central dysfunction after cer- 
ebrovascular occlusion, cerebrovascular dementia, Alzheimer dementia, obesity, cardiac insufficiency, atopic derma- 
titis and the like, as well as a phosphodiesterase (PDE) IV inhibitor. The administration route may be oral or parenteral. 
[0459] A specific dosage form may for example be a tablet (including sugar-coated and film-coated tablets), pill, 
capsule (including microcapsule), granule, fine powder, powder, syrup, emulsion, injection formulation, inhalation for- 
mulation, ointment, eye drop, aerosol, ophthalmic ointment, hard ointment, suppository, troche, poulitic, liniment and 
the like. Any of these formulations can be prepared in accordance with an ordinary method (for example a method 
described in Japanese Pharmacopoeia). 

[0460] The amount of an inventive compound in a formulation according to the invention may vary depending on the 
dosage form, and it is usually 0.01 to 100% by weight based on the entire formulation, preferably 0.1 to 50% by weight, 
more preferably 0.5 to 20% by weight. 

[0461] Specifically, a tablet is produced by mixing a medicament as it is with an excipient, binder, disintegrant or 
other suitable additives to form a homogenous mass, granulating by a suitable method, combining with a lubricant and 
the like, and then compressing into a tablet, or by mixing a medicament as it is with an excipient, binder, disintegrant 
or other suitable additives to form a homogenous mass and then compressing directly into a tablet, or by preparing a 
granule first and then compressing into a tablet directly or after mixing with suitable additives to form a homogenous 
mass. The formulation can further contain colorants, seasonings and the like, if necessary. The formulation can further 
be film-coated by a suitable coating. 

[0462] In a method for producing an injection formulation, a certain amount of a medicament is dissolved, suspended 
or emulsified in a water for injection, physiological saline and Ringer's solution when the medicament is water-soluble, 
or usually in a vegetable oil when the medicament is water-insoluble, whereby obtaining a certain quantity, or a certain 
amount of the medicament is enclosed in a vial for an injection formulation. 

[0463] An oral formulation carrier is a material employed customarily in the pharmaceutical field, such as starch, 
mannitol, crystalline cellulose, sodium carboxymethylcellulose and the like. A vehicle for injection may for example be 
distilled water, physiological saline, glucose solution, infusion solution and the like. Other additives generally employed 
in a formulation may also be added properly. 

[0464] While the dose of such a formulation may vary depending on the age, body weight, condition, administration 
route, administration frequency and the like, a daily dose in an adult having asthma is usually 0.01 to 100 mg/kg as 
an active ingredient (inventive compound), preferably 0.01 to 50 mg/kg, more preferably 0.05 to 10 mg/kg, which is 
given orally once or in two portions a day. 
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[0465] While the compound of the invention can exhibit an excellent phosphodiesterase (PDE) IV-inhibiting activity 
even when being given alone, it can be used also in combination (multimedicament combination) with pharmaceutical 
components other than inventive compounds (hereinafter referred to as concomitant medicaments). 
[0466] Such a concomitant medicament may for example be an antiasthma agent (for example, fluticasone propi- 

5 onate, beclomethasone propionate, theophylline, procaterol, ketotifen, azelastine, seratrodast, etc.), anti-allergic agent 
(for example, fexofenadine, epinastine, ebastine, etc.), anticholinergic agent (for example ipratropium bromide, flutro- 
pium bromide, oxitropium bromide, etc.), anti-inflammatory agent (for example, diclofenac sodium, ibuprofen, in- 
domethacin, loxoprofen sodium, etc.), antibacterial agent (for example, cefixime, cefdinir, ofloxacin, tosufloxacin tosi- 
late, levofloxacin, etc.), antifungal agent (for example, fluconazole, itraconazole, etc.), diabetes-treating agent (for 

10 example, pioglitazone, nateglinide, voglibose, acarbose, etc.), etc. 

[0467] When using an inventive compound in combination with a concomitant medicament, the timings of the ad- 
ministration of the inventive compound and the concomitant medicament are not particularly limited, and the inventive 
compound and the concomitant medicament can be given to a subject simultaneously or at a certain time interval. The 
dose of the concomitant medicament may be in accordance with a dose employed clinically, and selected appropriately 

15 depending on the target, route, disease, combination and the like. 

[0468] The administration mode of an inventive compound and a concomitant medicament are not particularly limited, 
provided that the inventive compound and the concomitant medicament are combined upon administration. Such an 
administration mode may for example be (1) an administration of a single formulation obtained by formulating an in- 
ventive compound and a concomitant medicament simultaneously, (2) a simultaneous administration via an identical 

20 route of two formulations obtained by formulating an inventive compound and a concomitant medicament separately, 
(3) a sequential and intermittent administration via an identical route of two formulations obtained by formulating an 
inventive compound and a concomitant medicament separately, (4) a simultaneous administration via different routes 
of two formulations obtained by formulating an inventive compound and a concomitant medicament separately, (5) a 
sequential and intermittent administration via different routes of two formulations obtained by formulating an inventive 

25 compound and a concomitant medicament separately (for example, inventive compound followed by concomitant med- 
icament, or inverse order) and the like. These administration modes are hereinafter referred to as an inventive con- 
comitant preparation. 

[0469] An inventive concomitant preparation has a low toxicity, and thus an inventive compound and/or a concomitant 
medicament described above are mixed with a pharmacologically acceptable carrier in accordance with a method 

30 known per se to form a pharmaceutical composition, for example, a tablet (including sugar-coated and film-coated 
tablets), powder, granule, capsule (including softcapsule), solution, injection formulation, suppository, sustained re- 
lease formulation and the like, which can safely be given orally or parenteraly (e.g., topically, rectally, intravenously). 
An injection formulation may be given intravenously, intramuscularly, subcutaneously, into an organ, intranasally, in- 
tradermally, via eye drop, intracerebrally, rectally, vaginally and intraperitoneal^, or into a tumor, or proximal to the 

35 tumor, or directly into a lesion. 

[0470] A pharmacologically acceptable carrier which may be employed for producing an inventive concomitant prep- 
aration may for example be one similar to those employed in an inventive pharmaceutical composition described above. 
[0471] The ratio between an inventive compound and a concomitant medicament in an inventive concomitant prep- 
aration may be selected appropriately on the basis of the target, route and disease, etc. 

40 [0472] For example, the amount of an inventive compound contained in an inventive concomitant preparation is 
usually about 0.01 to 100% by weight based on the entire formulation, preferably about 0.1 to about 50% by weight, 
more preferably about 0.5 to about 20% by weight, although it may vary depending on the dosage form. 
[0473] The amount of an concomitant medicament contained in an inventive concomitant preparation is usually about 
0.01 to 1 00% by weight based on the entire formulation, preferably about 0. 1 to about 50% by weight, more preferably 

^5 about 0.5 to about 20% by weight, although it may vary depending on the dosage form. 

[0474] The amount of an additive such as a carrier contained in an inventive concomitant preparation is usually about 
1 to about 99.99% by weight based on the entire formulation, preferably about 10 to about 90% by weight, although it 
may vary depending on the dosage form. 

[0475] Similar amounts may be employed also when an inventive compound and a concomitant medicament are 
so formulated separately. 

[0476] Such a formulation can be produced by a method known per se which is employed usually in a pharmaceutical 
process. 

[0477] For example, an inventive compound and a concomitant medicament can be formulated with a dispersant (e. 
g., Tween 80 (ATLAS POWDER, USA), HC060 (NIKKO CHEMICALS), polyethylene glycol, carboxymethyl cellulose, 
55 sodium alginate, hydroxypropylmethyl cellulose, dextrin, etc.), a stabilizer (e.g., ascorbic acid, sodium pyrosulfite, etc.), 
a surfactant (e.g., polysorbate 80, macrogol, etc.), a solubilizing agent (e.g., glycerin, ethanol, etc.), buffer agent (e. 
g., phosphoric acid and its alkali metal salts, citric acid and its alkali metal salt, etc.), an osmotic agent (e.g., sodium 
chloride, potassium chloride, mannitol, sorbitol, glucose, etc.), a pH modifier (e.g., hydrochloric acid, sodium hydroxide, 
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etc.), a preservative (e.g., ethyl p-hydroxybenzoate, benzoic acid, methylparabene, propylparaben, benzyl alcohol, 
etc.), a solubilizer (e.g., concentrated glycerin, meglumine, etc.), a solubilizing aid (e.g., propylene glycol, sugar, etc.), 
a painkiller (e.g., glucose, benzyl alcohol, etc.), etc. into an aqueous formulation for injection, or dissolved, suspended 
or emulsified in a vegetable oil such as olive oil, sesame oil, cottonseed oil and corn oil, etc. and in a solubilizing aid 

5 such as propylene glycol, etc. to form an oily formulation, whereby producing an injection formulation. 

[0478] In order to obtain an oral dosage form, a method known per se is employed to compress an inventive com- 
pound or a concomitant medicament for example with an excipient (e.g., lactose, sugar, starch, etc.), a disintegrant 
(e.g., starch, calcium carbonate, etc.), a binder (e.g., starch, gum arabic, carboxymethyl cellulose, polyvinyl pyrrolidone, 
hydroxypropyl cellulose, etc.) or a glidant (e.g., talc, magnesium stearate, polyethylene glycol 6000, etc.) into a desired 

10 shape, which is then subjected to a taste masking, covered with an enteric coating or imparted with a sustained release 
performance if necessary by means of a coating method known per se, whereby obtaining an oral dosage form. Such 
a coating may for example be hydroxypropylmethyl cellulose, ethyl cellulose, hydroxymethyl cellulose, hydroxypropyl 
cellulose, polyoxyethylene glycol, Tween 80, Pluronic F68, cellulose acetate phthalate, hydroxypropylmethyl cellulose 
phthalate, hydroxymethyl cellulose acetate succinate, Eudragit (Rohm, German, methacrylic/acrylic acid copolymer) 

*5 and a colorant (e.g., iron oxide red, titanium dioxide, etc.). An oral dosage form may be an instantaneous release 
formulation or a sustained release formulation. 

[0479] In order to obtain for example a suppository, a method known per se is employed to convert an inventive 
compound or concomitant medicament into an oily or aqueous solid, semi-solid or liquid suppository. The oily base 
employed in a composition described above may for example be a higher fatty acid glyceride [e.g., cocoa butter, UITEP- 
20 SOL (DYNAMITE NOVEL, Germany), etc.], a medium fatty acid [e.g., MIGRIOL (DYNAMITE NOVEL, Germany), etc.], 
or a vegetable oil (e.g., sesame oil, soybean oil, cottonseed oil, etc.), etc. The aqueous base may for example be 
polyethylene glycol and propylene glycol, and the aqueous gel base may for example be natural gums, cellulose de- 
rivatives, vinyl polymers and acrylic acid polymers, etc. 

[0480] A sustained release formulation described above may for example be a sustained-release microcapsule, etc. 
25 [0481] While a sustained-release microcapsule can be obtained by a method known per se, a sustained release 
formulation shown in Section [2] described below is formed and administered in a preferred case. 
[0482] The inventive compound is preferably formulated as an oral dosage form such as a solid formulation (e.g., 
powder, granule, tablet, capsule, etc.), or as a rectal formulation such as a suppository, etc. The oral dosage form is 
particularly preferred. 

30 [0483] A concomitant medicament can be formulated into a dosage form described above based on the type of the 
medicament. 

[0484] The followings are the descriptions with regard to [1] the injection formulation of the inventive compound and 
the concomitant medicament and the method for producing the same, [2] the sustained-release or immediate release 
formulation of the medicament of the inventive compound and the concomitant medicament and the method for pro- 
35 ducing the same and [3] the sublingual, buccal or instant oral disintegration formulations employing of the inventive 
compound and the concomitant medicament and the method for producing the same. 

[1] Injection formulation and method for producing the same 

40 [0485] The solution obtained by dissolving the inventive compound and the concomitant medicament in water is 
employed preferably. Such injection formulation may contain a benzoate and/or a salicylate. 

[0486] Said injection formulation is obtained by dissolving the inventive compound and the concomitant medicament 
in water together with a benzoate and/or a salicylate in water as desired. 

[0487] The benzoate and/or a salicylate described above may be an alkali metal salt such as sodium and potassium 
45 salts, etc., an alkaline earth metal salt such as calcium and magnesium salts, etc., an ammonium salt, a meglumine 
salt as well as a salt of an organic acid such as trometamol, etc. 

[0488] The concentration of an inventive compound or a concomitant medicament in an injection formulation is about 
0.5 to about 50wAf%, preferably about 3 to about 20wA/%. The concentration of a benzoate and/or a salicylate is about 
0.5 to about 50w/v%, preferably about 3 to about 20w/v%. 

50 [0489] The formulation may contain additives employed customarily in a injection formulation, such as a stabilizer 
(ascorbic acid, sodium pyrosulfite and the like), a surfactant (polysorbate 80, macrogol and the like), a solubilizing 
agent (glycerin, ethanol and the like), a buffer agent (phosphoric acid and its alkali metal salt, citric acid and its alkali 
metal salt and the like), an osmotic agent (sodium chloride, potassium chloride and the like), a dispersing agent (hy- 
droxypropylmethyl cellulose, dextrin), a pH modifier (hydrochloric acid, sodium hydroxide and the like), a preservative 

55 (ethyl p-hydroxybenzoate, benzoic acid and the like), a solubilizer (concentrated glycerin, meglumine and the like), a 
solubilizing aid (propylene glycol, sugar and the like), a painkiller (glucose, benzyl alcohol and the like) properly. Any 
of these additives are added in an amount employed customarily in a formulation for injection. 
[0490] The pH of the injection formulation is adjusted at 2 to 12, preferably 2.5 to 8.0 with a pH modifier. 



83 



EP 1 270 577 A1 



[0491] An injection formulation is obtained by dissolving an inventive compound and a concomitant medicament if 
desired together with a benzoate and/or salicylate in water if desired together with the additives listed above. These 
components may be dissolved in any order as appropriate similarly to a customary preparation of a formulation for 
injection, 

5 [0492] An injection formulation is preferably warmed, and given as a formulation for injection after sterilizing by 
filtration or autoclave similarly to a customary formulation for injection. 
[0493] An injection formulation is preferably autoclaved at 100 to 121 °C for 5 to 30 minutes. 
[0494] A formulation may be present as a solution imparted with an antibacterial activity for the purpose of using 
several times in divided doses. 

w 

[2] Sustained-release or immediate release formulation and method for producing the same 

[0495] A sustained release formulation obtained by coating a core containing an inventive compound or a concom- 
itant medicament with a water-insoluble material or a swelling polymer as desired is employed preferably. For example, 

f£ a sustained-release oral formulation of a single daily dose is preferred. 

[0496] A water-insoluble material employed as a coating may for example be cellulose ether such as ethyl cellulose 
and butyl cellulose, etc., cellulose ester such as cellulose acetate and cellulose propionate, etc., polyvinyl ester such 
as polyvinyl acetate and polyvinyl butyrate, etc., acrylic acid-based polymer such as acrylic acid/methacrylic acid co- 
polymer, methyl methacrylate copolymer, ethoxyethyl methacrylate/cinnamoethyl methacry late/am inoalky I methacr- 

20 yiate copolymer, polyacrylic acid, polymethacrylic acid, metacrylic acid alkylamide copolymer, poly(methyi methacr- 
ylate), polymethacrylate, polymethacrylamide, aminoalkyl methacrylate copolymer, poly(methacrylic anhydride), gly- 
cidyl methacrylate copolymer, especially, a series of Eudragit such as Eudragit RS-100, RL-100, RS-30D, RL-30D, 
RL-PO, RS-PO (ethyl acrylate/methyl methacrylate/chlorotrimethyl methacrylate/ethyl ammonium copolymer) and 
Eudragit NE-30D (methyl methacrylate/ethyl acrylate copolymer), hydrogenated oils such as a hydrogenated castor 

25 oil (e.g., Lubri wax (Freund Industrial Co. .Ltd.), waxes such as carnauba wax, a fatty acid glycerin ester and paraffin 
and a polyglycerin fatty acid ester, etc. 

[0497] As a swelling polymer, a polymer having an acidic cleavable group and exhibiting a pH-dependent swelling 
is preferred, and an acidic cleavable group-bearing polymer which undergoes a less swelling at an acidic pH such as 
in stomach but is swollen extensively at a neutral pH such as in small and large intestines is preferred. 

30 [0498] Such polymer having an acidic cleavable group and exhibiting a pH-dependent swelling may for example be 
a crosslinked polyacrylic acid polymer such as Carbomers 934P, 940, 941 , 974P, 980, 1 342 and the like, Polycarbophil 
and Calcium Polycarbophil (BF GOODRICH), HIGHVIS Wakos 103, 104, 105 and 304 (Wako Pure Chemical). 
[0499] A coating employed in a sustained release formulation may further contain a hydrophilic material. 
[0500] Such hydrophilic material may for example be a polysaccharide which may have a sulfate group such as 

35 pullulan, dextrin and alkali metal alginates, a polysaccharide having a hydroxyalkyl group or a carboxyalkyl group such 
as hydroxypropyl cellulose, hydroxypropylmethyl cellulose and sodium carboxymethyl cellulose as well as methyl cel- 
lulose, polyvinyl pyrrolidone, polyvinyl alcohol and polyethylene glycol, etc. 

[0501 ] The water-insoluble material content in a coating of a sustained release formulation is about 30 to about 90% 
(w/w), preferably about 35 to about 80% (w/w), more preferably about 40 to about 75% (w/w), and the swelling polymer 
^0 content is about 3 to about 30% (w/w), preferably about 3 to about 1 5% (w/w). A coating may further contain a hydrophilic 
material, the content of which in the coating is about 50% (w/w) or less, preferably about 5 to about 40% (w/w), more 
preferably about 5 to about 35% (w/w). Percent (w/w) referred here means a % by weight based on the coating com- 
position which is the rest of the coating solution after deleting any solvent (e.g., water and a lower alcohol such as 
methanol and ethanol, etc.). 

45 [0502] A sustained release formulation is produced, as exemplified below, by preparing a core containing a medica- 
ment followed by coating a resultant core with a coating solution obtained by melting a water-insoluble material or a 
swelling polymer or by dissolving or dispersing such material in a solvent. 

I. Drug-containing core preparation 

50 

[0503] While a coated medicament-containing core (hereinafter sometimes referred to simply as a core) may be in 
any nonlimiting shape, it is formed preferably as a particle such as a granule or a fine particle. 
[0504] When a core is a granule or a fine particle, it has a mean particle size preferable of about 150 to 2,000 urn, 
more preferably about 500 to 1 ,400 urn 
55 [0505] The core can be prepared by a standard method. For example, a medicament is combined with suitable 
excipient, binder, disintegrant, glidant, stabilizer and the like, and then subjected to a wet extrusion granulation or a 
fluidized bed granulation. 

[0506] The medicament content in a core is about 0.5 to about 95% (w/w), preferably about 5.0 to about 80% (w/w), 
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more preferably about 30 to about 70% (w/w). 

[0507] The excipient contained in a core may for example be a saccharide such as sucrose, lactose, mannitol and 
glucose, etc., starch, crystalline cellulose, calcium phosphate and corn starch. Among these, crystalline cellulose and 
corn starch are preferred. 

5 [0508] A binder may for example be polyvinyl alcohol, hydroxypropyl cellulose, polyethylene glycol, polyvinyl pyrro- 
lidone, Pluronic F68, gum arabic, gelatin and starch, etc. A disintegrant may for example be calcium carboxymethyl 
cellulose (ECG505), sodium croscarmellose (Ac-Di-Sol), crosslinked polyvinyl pyrrolidone (crospovidone) and a low- 
substituted hydroxypropyl cellulose (L-HPS), etc. Among these, hydroxypropyl cellulose, polyvinyl pyrrolidone and a 
low-substituted hydroxypropyl cellulose are preferred. A glidant and an anticoagulant may for example be talc, mag- 

io nesium stearate, etc., and a lubricant may for example be polyethylene glycol, etc. A stabilizer may for example be an 
acid such as tartaric acid, citric acid, succinic acid, fumaric acid and maleic acid, etc. 

[0509] In addition to the methods described above, other methods can be employed to form a core, such as an 
agitating granulation method wherein an inert carrier particle as a seed for the core is sprayed with a binder dissolved 
in a suitable solvent such as water and a lower alcohol (e.g., methanol and ethanol) with being supplemented portion- 
's wise with a medicament or a mixture thereof with an excipient and a glidant as well as a pan coating method, a fluidized 
bed coating method and a melting granulation method. An inert carrier particle may for example be one prepared from 
sugar, lactose, starch, crystalline cellulose and waxes, and has a mean particle size preferably of about 100 u.m to 
about 1,500 u.m. 

[051 0] In order to separate a medicament contained in a core from a coating, the surface of the core may be covered 
20 with a protective material. Such protective material may for example be a hydrophilic material described above and a 
water-insoluble material. A preferred protective material is polyethylene glycol or a polysaccharide having a hydroxy- 
alkyl group or a carboxyalkyl group, more preferably, hydroxypropylmethyl cellulose and hydroxypropyl cellulose. The 
protective material may contain, as a stabilizer, an acid such as tartaric acid, citric acid, succinic acid, fumaric acid and 
maleic acid, as well as a glidant such as talc, etc. A protective material, when employed, is coated at a rate of about 
25 1 to about 15% (w/w), preferably about 1 to about 1 0% (w/w), more preferably about 2 to about 8% (w/w) based on a 
core. 

[0511] A protective material can be coated by a standard coating method, and typically a core is sprayed with the 
protective material by a fluidized bed coating method and a pan coating method. 

30 ||. Coating of core with coating agent 

[051 2] A core obtained as described above in Section I is coated with a coating solution containing a water-insoluble 
material, a pH-dependent swelling polymer and a hydrophilic material being melted therein by heating or being dis- 
solved or dispersed in a solvent to obtain a sustained release formulation. 
35 [0513] A method for coating a core with a coating solution may for example be a spray coating. 

[0514] The ratio between a water-insoluble material, a swelling polymer and a hydrophilic material in a coating so- 
lution may be selected appropriately in such a manner that respective contents in the coating become those specified 
above. 

[0515] The coating rate is about 1 to about 90% (w/w) based on the core (excluding the protective material coating), 

40 preferably about 5 to about 50% (w/w), more preferably about 5 to about 35% (w/w). 

[0516] The solvent for a coating solution is water or an organic solvent, which may be employed alone or in combi- 
nation with each other. The ratio between water and the organic solvent when being employed in combination (water/ 
organic solvent: weight ratio) may vary from 1 to 100%, and is preferably 1 to about 30%. While said organic solvent 
is not limited particularly as long as it can dissolve a water-insoluble material, it may for example be a lower alcohol 

45 such as methyl alcohol, ethyl alcohol, isopropyl alcohol and n-butyl alcohol, etc., a lower alkanone such as acetone, 
etc., as well as acetonitrile, chloroform, methylene chloride and the like. Among those listed above, a lower alcohol is 
preferred, with ethyl alcohol and isopropyl alcohol being especially preferred. Water and a mixture of water and an 
organic solvent are employed preferably as solvents for a coating. In such a case, an acid such as tartaric acid, citric 
acid, succinic acid, fumaric acid and maleic acid may be added to the coating solution for the purpose of stabilizing 

50 the coating solution. 

[0517] An operation when the coating is effected by a spray coating, a standard coating method can be employed, 
and typically a core is sprayed with a coating by a fluidized bed coating method and a pan coating method. During this 
process, a lubricant such as talc, titanium oxide, magnesium stearate, calcium stearate and light silicic anhydride, etc. 
and a plasticizer such as glycerin fatty acid ester, hardened castor oil, triethyl citrate, cetyl alcohol and stearyl alcohol, 
55 etc. may also be added. 

[051 8] After coating with the coating agent, an antistatic agent such as a talc may also be incorporated if necessary. 
[0519] An instantaneous release formulation maybe a liquid (solution, suspension, emulsion, etc.) or a solid (particle, 
pill, tablet, etc.). While an oral formulation and a parenteral formulation such as an injection formulation may be em- 
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ployed, an oral formulation is preferred. 

[0520] An instantaneous release formulation may usually contain , a carrier, additive and excipient (hereinafter some- 
times abbreviated as excipient) which are employed customarily in the pharmaceutical field, in addition to a medicament 
which is an active ingredient. Such a formulation excipient is not limited particularly as long as it is an excipient employed 

5 usually as a formulation excipient. For example, an excipient for an oral solid formulation may be lactose, starch, corn 
starch, crystalline cellulose (Asahi Kasei, Avicel PH101 and the like), powder sugar, granulated sugar, mannitol, light 
silicic anhydride, magnesium carbonate, calcium carbonate, L-cysteine and the like, with corn starch and mannitol 
being preferred. Any of these excipients may be employed alone or in combination with each other. The amount of an 
excipient may for example be about 4.5 to about 99.4w/w%, preferably about 20 to about 98.5w/w%, more preferably 

10 about 30 to about 97w/w%, based on the entire amount of an instantaneous release formulation. 

[0521 ] The medicament content in an instantaneous release formulation may be selected within the range from about 
0.5 to about 95%, preferably about 1 to about 60%, based on the entire amount of an instantaneous release formulation. 
[0522] An oral solid instantaneous release formulation contains a disintegrant in addition to the ingredients described 
above. Such a disintegrant may for example be calcium carboxymethyl cellulose (GOTOKUYAKUHIN, ECG505), so- 

15 dium croscarmellose (for example, Asahi Kasei, Ac-Di-Sol), crospovidone (for example, BASF, COLIDON CL), low- 
substituted hydroxypropyl cellulose (SHINETSU KAGAKU), carboxymethyl starch (MATSUTANI KAGAKU), sodium 
carboxymethyl starch (KIMURASANGYO, EXORITAB), partial a starch (Asahi Kasei, PCS) and the like, any of which 
may for example be brought into contact with water to effect water absorption or swelling, or to make a channel between 
a core-forming active ingredient and an excipient, whereby disintegrating a granule. Any of these disintegrants may 

20 be employed alone or in combination with each other. While the amount of a disintegrant to be incorporated may be 
selected appropriately based on the type and the amount of the medicament employed and the preparation design for 
releasing, it may for example be about 0.05 to about 30w/w%, preferably about 0.5 to about 15w/w% based on the 
entire amount of an instantaneous release formulation. 

[0523] An oral solid instantaneous release formulation contains additives employed customarily in a solid formulation 
25 jf desired in addition to the components described above. Such additives may for example be binders (for example, 
sucrose, gelatin, powdery gum arabic, methyl cellulose, hydroxypropyl cellulose, hydro xypropylmethyl cellulose, car- 
boxymethyl cellulose, polyvinylpyrrolidone, pulluran, dextrin, etc.), lubricants (polyethylene glycol, magnesium stear- 
ate, talc, light silicic anhydride (for example, aerosiJ (NIPPON AEROSIL)), surfactants (for example, anionic surfactants 
such as sodium alkylsulfate, nonionic surfactants such as polyoxyethylene fatty acid ester and polyoxyethylene sorbitan 
30 fatty acid ester, polyoxyethylene castor oil derivatives, etc.), colorants (for example, tar-based colorants, caramel, red 
ocher, titanium oxide, ribof ravin, etc.), if necessary together with seasonings (for example, sweetener and flavor), 
adsorbents, preservatives, wetting agents, antistatic agents and the like. As a stabilizer, an organic acid such as tartaric 
acid, citric acid, succinic acid and fumaric acid may also be added. 

[0524] Binders described above are preferably hydroxypropyl cellulose, polyethylene glycol and polyvinylpyrrolidone, 
35 etc. 

[0525] An instantaneous formulation can be prepared based on an ordinary formulation technology by mixing the 
components described above and kneading if necessary and then molding. Such a mixing may be accomplished by 
an ordinary method, such as mixing and kneading. Typically, when an instantaneous release formulation is formed as 
a particle, then a method similar to that for preparing a core of a sustained release formulation described above is 
40 employed to mix the materials using a vertical granulator, multi-purpose kneader (HATAKE TEKKOSHO), fluidized bed 
granulator FD-5S (Powrex Corporation) and the like, after which a granulation is effected using a wet extrusion gran- 
ulation or a fluidized bed granulation. 

[0526] Each of an instantaneous release formulation and a sustained release formulation thus obtained may be 
formulated separately by a standard method as it is or in combination with an excipient properly and then provided as 
45 a final formulation for simultaneous administration or intermittent sequential administration, or the both may be formu- 
lated in a single oral formulation (e.g., granule, fine powder, tablet, capsule, etc.) as they are or in combination with an 
excipient properly. The both formulation may be formulated also as granules or fine powders, which are then filled in 
a single capsule for oral administration. 

so [3] Sublingual, buccal or instant oral disintegration formulations and method for producing the same 

[0527] Any of sublingual, buccal or instant oral disintegration formulations may be a solid formulation such as a tablet, 
etc., or may be an oral mucosa plaster (film). 

[0528] Each of sublingual, buccal or instant oral disintegration formulations is preferably a formulation containing an 
55 inventive compound or a concomitant medicament together with an excipient. An auxiliary agent may also be contained 
such as a lubricant, osmotic agent, hydrophilic carrier, water-dispersible polymer and stabilizer. For the purpose of 
promoting the absorption and enhancing the bioavailability, p-cyclodextrin or p-cyclodextrin derivatives (e.g., hydrox- 
ypropyl-p-cyclodextrin, etc.), etc. may also be contained. 
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[0529] Such an excipient may for example be lactose, sugar, D-mannitol, starch, crystalline cellulose, light silicic 
anhydride and the like. A lubricant may for example be magnesium stearate, calcium stearate, talc, colloidal silica and 
the like, with magnesium stearate and colloidal silica being preferred. An osmotic agent may for example be sodium 
chloride, glucose, fructose, mannitol, sorbitol, lactose, saccharose, glycerin and urea, with mannitol being preferred 

5 especially. A hydrophilic carrier may for example be a swelling hydrophilic carrier such as a crystalline cellulose, ethyl 
cellulose, crosslinked polyvinyl pyrrolidone, light silicic anhydride, silicic acid, dicalcium phosphate, calcium carbonate 
and the like, with a crystalline cellulose (e.g., microcrystalline cellulose) being preferred. A water-dispersible polymer 
may for example be a gum (e.g., tragacanth gum, acacia gum, guar gum), alginate (e.g., sodium alginate), cellulose 
derivative (e.g., methyl cellulose, carboxymethyl cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose, hydrox- 

10 ypropylmethyl cellulose), gelatin, water-soluble starch, polyacrylicacid (e.g., carbomer), polymethacrylic acid, polyvinyl 
alcohol, polyethylene glycol, polyvinylpyrrolidone, polycarbophil, ascorbate palmitate ester and the like, with hydroxy- 
propylmethyl cellulose, polyacrylic acid, alginate, gelatin, carboxymethyl cellulose, polyvinylpyrrolidone and polyeth- 
ylene glycol, etc. being preferred. Hydroxypropylmethyl cellulose is especially preferred. A stabilizer may for example 
be cysteine, thiosorbitol, tartaric acid, citric acid, sodium carbonate, ascorbic acid, glycine and sodium sulfite, with citric 

*5 acid and ascorbic acid being preferred especially. 

[0530] Each of sublingual, buccal or instant oral disintegration formulations can be produced by mixing an inventive 
compound or concomitant medicament with an excipient by a method known per se. If desired, an auxiliary agent 
described above, such as lubricant, osmotic agent, hydrophilic carrier, water-dispersible polymer, stabilizer, colorant, 
sweeteners and preservative, may also be incorporated. After mixing the components described above simultaneously 

20 or at a certain time interval, the mixture is compressed and molded into each of sublingual, buccal or instant oral 
disintegration formulations. For the purpose of obtaining a suitable hardness, a solvent such as water and alcohol may 
be employed to hydrate the mixture before or after the tablet impaction, and then dried finally. 
[0531] When an oral mucosa plaster (film) is to be molded, an inventive compound or concomitant medicament and 
a water-dispersible polymer (preferably, hydroxypropyl cellulose, hydroxypropylmethyl cellulose) and excipient de- 

25 scribed above are dissolved in a solvent such as water, and then the resultant solution is casted into a film. Additives 
may also be added such as plasticizers, stabilizers, antioxidants, preservatives, colorants, buffering agents and sweet- 
eners. A glycol such as polyethylene glycol or propylene glycol may be added for the purpose of imparting a film with 
an appropriate elasticity, and a bioadhesive polymer (e.g., polycarbophile, carbopol) may be added for the purpose of 
enhancing the adhesion of the film to the oral mucosal lining. The casting may be accomplished by pouring a solution 

30 onto a non-adhesive surface, spreading the solution using a coater such as a doctor blade, etc. into a uniform thickness 
(preferably about 1 0 to 1 000 microns), and then drying the solution to form a film. The film thus formed is dried at room 
temperature or with warming, and then cut into pieces each having a desired surface area. 

[0532] A preferred instant oral disintegration formulation may for example be a rapid diffusion formulation in the form 
of a solid network consisting of an inventive compound or concomitant medicament together with a water-soluble or 
35 water-diffusible carrier which is inert to the inventive compound or concomitant medicament. Said network is obtained 
by sublimating a solvent from a solid composition consisting of a solution of an inventive compound or concomitant 
medicament in a suitable solvent. 

[0533] In addition to an inventive compound or concomitant medicament, a matrix-forming agent and a secondary 
component are contained preferably in the composition of said instant oral disintegration formulation. 

40 [0534] Said matrix-forming agents may for example be an animal or vegetable protein such as a gelatin, dextrin and 
soybean, wheat and psyllium seed proteins; a gummy material such as gum arabic, guar gum, agar and xanthane 
gum; polysaccharide; alginate; carboxymethyl cellulose; carrageenan; dextran; pectin; synthetic polymer such as pol- 
yvinylpyrrolidone; a material derived from a gelatin-gum arabic complex. Those which are also included are saccharides 
such as mannitol, dextrose, lactose, galactose and trehalose, etc.; cyclic saccharides such as cyclodextrin, etc.; inor- 

45 ganic salts such as sodium phosphate, sodium chloride and aluminum silicate, etc.; amino acids having 2 to 12 carbon 
atoms such as glycine, L-alanine, L-aspartic acid, L-glutamic acid, L-hydroxyproline, L-isoleucine, L-leucine and L- 
phenylalanine, etc. 

[0535] One or more matrix-forming agents may be introduced into a solution or suspension before solidification. 
Such a matrix-forming agent may be present in addition to a surfactant, or may be present in the absence of the 
50 surfactant. The matrix-forming agent serves not only to form a matrix itself, but also to aid in maintaining the inventive 
compound or concomitant medicament as being diffused in the solution or suspension. 

[0536] A secondary agent may be contained in a composition such as a preservative, antioxidant, surfactant, thick- 
ening agent, colorant, pH modifier, flavor, sweetener or taste masking agent, etc. A suitable colorant may for example 
be iron oxide red, black and yellow, FD&C dyes available from ERIS AND EVERALD such as FD&C Blue No.2 and 
55 FD&C Red No.40. A suitable flavor may for example be mint, raspberry, licorice, orange, lemon, grape fruit, caramel, 
vanilla, cherry and grape flavor as well as a combination thereof. A suitable pH modifier may for example be citric acid, 
tartaric acid, phosphoric acid, hydrochloric acid and maleic acid. A suitable sweetener may for example be aspartame, 
acesulfame K and thaumatine. A suitable taste masking agent may for example be sodium bicarbonate, ion exchange 
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resin, cyclodextrin inclusion compound, adsorbent and microencapsulated apomorphine. 

[0537] A formulation contains an inventive compound or concomitant medicament in an amount usually of about 0.1 
to about 50% by weight, preferably about 0.1 to about 30% by weight, and is preferably a formulation (sublingual or 
buccal formulation described above) wh ich allows 90% or more of the inventive compound or concomitant medicament 
5 to be dissolved (in water) within a time period of about 1 to about 60 minutes, preferably about 1 minutes to about 15 
minutes, more preferably about 2 minutes to about 5 minutes, or a instant oral disintegration formulation which disin- 
tegrates within about 1 to about 60 seconds, preferably about 1 to about 30 seconds, more preferably about 1 to about 
10 seconds after being placed in the oral cavity. 

[0538] The amount of an excipient described above based on the entire formulation is about 10 to about 99% by 
10 weight, preferably about 30 to about 90% by weight. The amount of p-cyclodextrin or p-cyclodextrin derivative based 
on the entire formulation is about 0 to about 30% by weight. The amount of a lubricant based on the entire formulation 
is about 0. 1 to about 1 0% by weight, preferably about 1 to about 5% by weight. The amount of an osmotic agent based 
on the entire formulation is about 0.01 to about 90% by weight, preferably about 1 0 to about 70% by weight. The amount 
of a hydrophilic carrier based on the entire formulation is about 0.1 to about 50% by weight, preferably about 10 to 
*s about 30% by weight. The amount of a water-dispersible polymer based on the entire formulation is about 0.1 to about 
30% by weight, preferably about 1 0 to about 25% by weight. The amount of a stabilizer based on the entire formulation 
is about 0.1 to about 10% by weight, preferably about 1 to about 5% by weight. The formulation described above may 
further contain additives if desired such as colorants, sweeteners and preservatives, etc. 

[0539] While the dose of an inventive concomitant preparation may vary depending on the type of the inventive 
20 compound, the subject's age, body weight, condition, and the dosage form as well as administration mode and duration, 
the daily dose for example in a patient having a breast cancer (adult, body weight: about 60 kg) is about 0.01 to about 
1 000 mg/kg as an inventive compound and concomitant medicament, preferably about 0.01 to about 1 00 mg/kg, more 
preferably about 0.1 to about 100 mg/kg, particularly about 0.1 to about 50 mg/kg, especially about 1.5 to about 30 
mg/kg, which is given intravenously at once or in several portions. It is a matter of course that the dose may vary 
25 depending on various factors as described above, and a less amount may sometimes be sufficient and an excessive 
amount should sometimes be required. 

[0540] A concomitant medicament may be employed in any amount within the range causing no problematic side 
effects. The daily dose of a concomitant medicament is not limited particularly and may vary depending on the severity 
of the disease, the subject's age, sex, body weight and susceptibility as well as time and interval of the administration 
30 and the characteristics, preparation, type and active ingredient of the pharmaceutical formulation, and the daily oral 
dose per kg body weight in a mammal is about 0.001 to 2000 mg, preferably about 0.01 to 500 mg, more preferably 
about 0.1 to about 100 mg as medicaments, which is given usually in 1 to 4 portions. 

[0541] When the inventive concomitant preparation is administered, it may be administered at the same time, but it 
is also possible thatthe concomitant medicament is first administered and then the inventive compound is administered, 

35 or that the inventive compound is first administered and then the concomitant medicament is administered. When such 
an intermittent administration is employed, the time interval may vary depending on the active ingredient administered, 
the dosage form and the administration mode, and when the concomitant medicament is first administered, the inventive 
compound may be administered within 1 minute to 3 days, preferably 1 0 minutes to 1 day, more preferably 15 minutes 
to 1 hour after the administration of the concomitant medicament. When the inventive compound is first administered, 

40 then the concomitant medicament may be administered within 1 minutes to 1 day, preferably 10 minutes to 6 hours, 
more preferably 15 minutes to 1 hour after the administration of the inventive compound. 

[0542] The present invention is further detailed in the following Reference Examples, Examples, Formulation Exam- 
ples and Experiment Examples, any of which serves only a practice and is not intended to restrict the invention and 
can be modified without departing from the scope of the invention. 

45 [0543] In the following Reference Examples and Examples, the term "room temperature" usually means a temper- 
ature from about 10 to about 35°C. A % means a mol/mol% when employed for a yield and a % by volume when 
employed for a chromatographic solvent, and otherwise it is a % by weight. A basic silica gel employed was NH-DM1 020 
manufactured by FUJI SILYSIA CHEMICAL LTD. Any unidentifiable broad peak such as those of OH and NH protons 
in each proton NMR spectrum are not included in the data. 

50 [0544] Abbreviations shown below are employed here, 
s: Singlet 
d: Doublet 
t: Triplet 
q: Quartet 

55 m: Multiple! 
br: Broad 

J: Coupling constant 
Hz: Hertz 
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CDCI 3 : chloroform-d 

DMSO-d 6 : dimethylsulfoxide-d 6 

1 H NMR: Proton nuclear magnetic resonance 

[0545] A transformant Escherichia coli BL21/pPDE4D3 obtained in Experiment Example 1 described below was 
deposited on March 8, 2000 to National Institute of Bioscience and Human-Technology Agency of Industrial Science 
and Technology (NIBH) under the deposition No.FERM BP-7075 and on February 24, 2000 to Institution for Fermen- 
tation, Osaka (IFO) under the deposition No.lFO 16383. 

[0546] The gene engineering operations employing Escherichia coli was in accordance with Molecular Cloning. 
[0547] The Sequence ID Nos. in the sequence listing in this specification indicate the following sequences. 

[Sequence ID No.1] 

[0548] Sequence ID No.1 indicates the base sequence of a primer employed in Experiment Example 1 . 
[Sequence ID No.2] 

[0549] Sequence ID No.2 indicates the base sequence of a primer employed in Experiment Example. 
[Sequence ID No.3] 

[0550] Sequence ID No.3 indicates the cDNA base sequence possessed by Escherichia coli BL21/pPDE4D3 ob- 
tained in Experiment Example 1 . 

[Sequence ID No.4] 

[0551] Sequence ID No.4 indicates the amino acid sequence encoded by the cDNA base sequence possessed by 
Escherichia coli BL21/pPDE4D3 obtained in Experiment Example 1. 

EXAMPLES 

REFERENCE EXAMPLE 1 

4-Hydroxy-3-methoxy-5-(2-methyl-2-propenyl)benzaldehyde 

[0552] To a solution of vanillin (25.6 g, 0.168 mol) in N,N-dimethylformamide (150 mL), 3-chloro-2-methyl-1-propene 
(19.9 mL, 0.202 mol) and potassium carbonate (30.2 g, 0.219 mol) was added and the mixture was stirred at 75 °C 
for 2.5 hours under nitrogen atmosphere. Water was added to the reaction mixture and the mixture was extracted three 
times with ethyl acetate. The combined organic layer was washed twice with water, and then concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 5:1) 
to obtain 3-methoxy-4-(2-methyl-2-propenyloxy)benzaldehyde (35.4 g) as an oil. 

[0553] This 34.3 g of the material was dissolved in N,N-diethylaniline (80 mL), and stirred at 200 °C for 5 hours under 
nitrogen atmosphere. The reaction mixture was dissolved in diisopropyl ether, washed with 1 M hydrochloric acid (twice) 
and brine, dried over magnesium sulfate, treated with activated charcoal, filtered, and concentrated under reduced 
pressure. The residue was crystallized from diisopropyl ether-hexane to obtain the title compound (27.1 g, yield: 79%). 
Melting point: 53-54 °C 

1 H NMR (CDCI 3 ) 5 175 ( 3H > s), 3.42 (2H, s), 3.97 (3H, s), 4.69-4.75 (1H, m), 4.82-4.97 (1H, m), 6.31 (1H, s), 7.31 
(2H,s), 9.81 (1H,s). 

REFERENCE EXAMPLE 2 

4-Hydroxy-3-methoxy-5-(2-methyl-2-propenyl)benzaldehyde 

[0554] To a solution of 3-ethoxy-4-hydroxybenzaldehyde (25.6 g, 0.154 mol) in N,N-dimethylformamide (150 mL), 
3-chloro-2-methyl-1-propene (16.7 mL, 0.169 mol) and potassium carbonate (24.5 g, 0.177 mol) were added, and the 
mixture was stirred at 80 °C for 3 hours under nitrogen atmosphere. Water was added to the reaction mixture and the 
reaction mixture was extracted twice with ethyl acetate. The combined organic layer was washed twice with water, and 
then concentrated under reduced pressure to obtain 3-ethoxy-4-(2-methyl-2-propenyloxy)benzaldehyde (35.5 g) as 
an oil. 
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[0555] This was dissolved in N f N-diethylaniline (25 mL), and stirred at 21 0 °C for 5 hours under nitrogen atmosphere. 
The reaction mixture was dissolved in ethyl acetate, washed twice with 1 M hydrochloric acid and twice with water, 
and then concentrated under reduced pressure. The residue was crystallized from diisopropyl ether-hexane to obtain 
the title compound (26.7 g, yield: 79%). 
5 Melting Point: 85-86 °C 

1H NMR (CDCI 3 ) 5 1.48 (3H, t, J = 7.0 Hz), 1.75 (3H, s), 3.42 (2H, s), 4.20 (2H, q, J = 7.0 Hz), 4.68^.73 (1H, m), 
4.82-4.87 (1 H, m), 6.34 (1 H, s), 7.29 (2H, s), 9.80 (1 H, s). 

REFERENCE EXAMPLE 3 

10 

2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofurancarboxaldehyde 

[0556] To a solution of 4-hydroxy-3-methoxy-5-(2-methyl-2-propenyl)benzaldehyde (26.2 g, 0.127 mol) in toluene 
(130 mL), boron trifluoride diethyl ether complex (17.2mL, 0.140 mol) was added, and the mixture was stirred at 110 
15 °c for 1 hour. The reaction mixture was washed with water and saturated sodium hydrogen carbonate, dried through 
sodium sulfate and a silica gel (eluted with hexane/ethyl acetate 3:1), and then concentrated under reduced pressure. 
The residue was crystallized from diisopropyl ether-hexane to obtain the title compound (17.1 g, yield: 65%). 
Melting point: 58-59 °C 

1 H NMR (CDCI3) 5 1.56 (6H, s), 3.11 (2H, s), 3.94 (3H, s), 7.28-7.35 (2H, m), 9.80 (1H, s). 

20 

(Alternative synthetic method) 

[0557] A suspension of 4-hydroxy-3-methoxy-5-(2-methyl-2-propenyl)benzaldehyde (88.4 g, 0.429 mol) and Amber- 
lyst 15 (trade name) (1 7 g) in toluene (300 mL) was stirred at 100 °C for 1 .5 hours. The reaction mixture was filtered, 
25 and washed with ethyl acetate. The filtrate was washed with 0.5 M aqueous solution of sodium hydroxide and water 
(twice), and concentrated under reduced pressure. The residue was crystallized from diisopropyl ether-hexane to obtain 
the title compound (72.1 g, yield: 82%). 

REFERENCE EXAMPLE 4 

30 

7-Ethoxy-2,3-dihydro-2,2-dimethyl-5-benzofurancarboxaIdehyde 

[0558] To a solution of 3-ethoxy-4-hydroxy-5-(2-methyl-2-propenyl)benzaldehyde (28.9 g, 0.131 mol) in toluene (150 
mL), boron trifluoride diethyl ether complex (1 7.8 mL, 0.1 45 mol) was added, and the mixture was stirred at 1 00 °C for 
35 1 hour. The reaction mixture was washed with water, saturated aqueous solution of sodium hydrogen carbonate and 
brine, dried through sodium sulfate and a silica gel (eluted with hexane/ethyl acetate 5:1 ), and then concentrated under 
reduced pressure to obtain the title compound (26,8 g, yield: 93%). 
Melting point: 33-36 °C 

1 H NMR (CDCI3) 5 1 .47 (3H, t, J - 7.0 Hz), 1 .56 (6H, s), 3.09 (2H, s), 4.19 (2H, q, J = 7.0 Hz), 7.26-7.35 (2H, m), 9.78 
40 (1H, s). 

REFERENCE EXAMPLE 5 

2,3-Dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran 

45 

[0559] To a suspension of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofurancarboxaldehyde (1 .50 g, 7.27 mmol) 
and isopropyltriphenylphosphonium iodide (3.77 g, 8.73 mmol) in tetrahydrofuran (20 mL), sodium hydride (66% sus- 
pension in oil) (397 mg, 11 mmol) was added, and the mixture was heated under reflux for 1.5 hours. The reaction 
mixture was poured into a 10% aqueous solution of ammonium chloride, and extracted twice with ethyl acetate. The 
50 combined organic layer was washed with water and brine, dried over magnesium sulfate, filtered, and then concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 
50:1 followed by 30:1) to obtain the title compound (1.22 g, yield: 72%). An oil. 

1 H NMR (CDCI3) 6 1 .51 (6H, s), 1 .867 (3H, d, J = 1 .4 Hz), 1 .874 (3H, d, J = 1 .4 Hz), 3.02 (2H, s), 3.85 (3H, s), 6.20 
(1H,s), 6.61 (1H, s), 6.65 (1H,s). 

55 

(Alternative synthetic method) 

[0560] To a solution of guaiacol (124 g, 1.00 mol) in N,N-dimethylformamide (500 mL), 3-chloro-2-methyl-1-propene 
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(128 mL, 1 .30 mol) and potassium carbonate (166 g, 1 .20 mol) were added, and the mixture was stirred at 80 °C for 
5 hours under nitrogen atmosphere. Water was added to the reaction mixture and the mixture was extracted twice with 
hexane. The combined organic layer was washed each twice with 0.5 M aqueous solution of sodium hydroxide and 
water, and then concentrated under reduced pressure to obtain 1-methoxy-2-[(2-methyl-2-propenyl)oxy]benzene (178 
5 g) as an oil. 

[0561 ] This was dissolved in N.N-diethylaniline (250 mL), and stirred at 205 °C for 5 hours under nitrogen atmosphere. 
The reaction mixture was cooled with ice, combined with 2 M hydrochloric acid (850 mL), and extracted with ethyl 
acetate. The organic layer was washed twice with water, and concentrated under reduced pressure to obtain 2-methoxy- 

6- (2-methyl-2-propenyl)phenol (178 g) as an oil. 

w [0562] This was dissolved in N,N-dimethylformamide (600 mL). 3-chloro-2-methyl-1-propene (128 mL, 1 .30 mol) and 
potassium carbonate (166 g, 1.20 mol) were added to the mixture and the mixture was stirred at 80 °C for 7 hours 
under nitrogen atmosphere. Water was added to the reaction mixture and the mixture was extracted twice with hexane. 
The combined organic layer was washed each twice with water, an aqueous solution of sodium hydroxide and water, 
and then concentrated under reduced pressure to obtain 1-methoxy-3-(2-methyl-2-propenyl)-2-[(2-methyl-2-propenyl) 

*5 oxyjbenzene (231 g) as an oil. 

[0563] This was dissolved in N.N-diethylaniline (250 mL), and stirred at 205 °C for5 hours under nitrogen atmosphere. 
The reaction mixture was cooled with ice, combined with 2 M hydrochloric acid (850 mL), and extracted twice with ethyl 
acetate. The combined organic layer was washed twice with water, and concentrated under reduced pressure. The 
residue was distilled under reduced pressure to obtain 2-methoxy-4,6-bis(2-methyl-2-propenyl)phenol (186 g, yield: 

20 80%). 

Boiling point: 104-115 °C / 0.11 kPa (0.8mmHg). 

[0564] 164 g (0.706 mol) of this material was dissolved in ethanol (300 mL). cone, hydrochloric acid (75 mL) and 
ethanol (75 mL) were added to the reaction mixture and the mixture was heated under reflux for 13 hours. The reaction 
mixture was combined with hexane and water, and the organic layer was separated, and then the aqueous layer was 
25 extracted with hexane. The combined organic layer was washed with water, 5 M aqueous solution of sodium hydroxide 
and water (twice), treated with activated charcoal, filtered, and then concentrated under reduced pressure to obtain 
the title compound (1 63 g) as an oil. This was used in the next reaction without further purification. 

REFERENCE EXAMPLE 6 

30 

7- Ethoxy-2,3-dihydro-2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran 

[0565] The title compound was obtained from 7-ethoxy-2,3-dihydro-2,2-dimethyl-5-benzofurancarboxaldehyde by 
the method similar to that in Reference Example 5. Yield: 91%. An oil. 
35 1H NMR (CDCI 3 ) 8 1 .42 (3H, t, J = 6.9 Hz), 1 .51 (6H, s), 1 .83-1 .89 (6H, m), 3.00 (2H, s), 4.11 (2H, q, J = 6.9 Hz), 6.18 
(IH.brs), 6.61 (1H,s), 6.64 (1H,s). 

REFERENCE EXAMPLE 7 

40 1 -(2,3-Dihydro-7-methoxy-2,2-dimethyi-5-benzofuranyl)-2-methyl-1 -propanol 

[0566] To a 15% solution of isopropylmagnesium bromide / tetrahydrofuran (101 g, 0.10 mol), a solution of 2,3-dihy- 
dro-7-methoxy-2,2-dimethyl-5-benzofurancarboxaldehyde (20.2 g, 97.9 mmol) in tetrahydrofuran (100 mL) was added 
dropwise, and the mixture was stirred at room temperature for 40 minutes. The reaction mixture was poured into a 
45 saturated aqueous solution of ammonium chloride, and extracted twice with ethyl acetate. The combined organic layer 
was washed twice with water, treated with activated charcoal, filtered, and concentrated under reduced pressure. The 
residue was recrystallized from ethyl acetate-hexane to obtain the title compound (17.4 g, yield: 71%). 
Melting point: 113-116 °C. 

1 H NMR (CDCI3) 5 0.78 (3H, d, J = 7.0 Hz), 1 .03 (3H, d, J = 6.6 Hz), 1 .51 (6H, s), 1 .92 (1 H, sixtet, J = 6.9 Hz), 3.02 
50 (2H, s), 3.87 (3H, s), 4.23 (1H, d, J = 7.6 Hz), 6.71 (2H, s). 

REFERENCE EXAMPLE 8 

1-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1-propoyl acetate 

55 

[0567] To a solution of 1-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1 -propanol (937 mg, 3.74 
mmol) in pyridine (5 mL), acetic anhydride (0.35 mL, 3.7 mmol) was added dropwise with cooling in ice, and the mixture 
was stirred at 60 °C for 2 hours. The reaction mixture was dissolved in diisopropyl ether, washed with water, 1 M 
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hydrochloric acid (twice) , a saturated aqueous solution of sodium hydrogen carbonate and water, and then concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 
20:1 followed by 10:1) to obtain the title compound (915 mg, yield: 84%). 
An oil. 

5 1H NMR (CDCI 3 ) 8 0.78 (3H, d, J = 6.6 Hz), 0.98 (3H, d, J = 6.6 Hz), 1 .50 (6H, s), 1 .95-2.1 7 (1 H, m), 2.06 (3H, s), 3.01 
(2H, s), 3.86 (3H, s), 5.35 (1 H, d, J = 8.4 Hz), 6.66 (1 H, s), 6.71 (1 H, s). 

REFERENCE EXAMPLE 9 

10 2,3-Dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl-2-propenyl)benzofuran 

[0568] To a solution of guaiacol (12.5 g, 0.101 mol) in dichloromethane (50 mL), a solution of bromine (5.3 mL, 0.10 
mol) in dichloromethane (1 0 mL) was added dropwise at -1 0 °C over 50 minutes, and the mixture was stirred at room 
temperature for 1 hour. The reaction mixture was combined with water, the organic layer was separated, and the 
*5 aqueous layer was extracted with dichloromethane. The combined organic layer was washed with a saturated aqueous 
solution of sodium hydrogen carbonate and brine, dried over magnesium sulfate, filtered, and concentrated under 
reduced pressure to obtain'an oil. 

[0569] This was dissolved in N.N-dimethylformamide (80 mL). 3-Chloro-2-methyl-1-propene (11 mL, 0.11 mol) and 
potassium carbonate (16.6 g, 0.120 mol) were added to the mixture and the mixture was stirred at 80 °C for 3 hours 

20 under nitrogen atmosphere. The reaction mixture was combined with water, and extracted twice with ethyl acetate/ 
hexane (1:1). The combined organic layer was washed with 0.5 M aqueous solution of sodium hydroxide and water 
(twice), treated with activated charcoal, filtered, and concentrated under reduced pressure to obtain an oil. 
[0570] This was dissolved in N,N-diethylaniline (20 mL), and stirred at 205 °Cfor5 hours under nitrogen atmosphere. 
The reaction mixture was dissolved in diisopropyl ether, washed with 1 M hydrochloric acid (twice) and water, treated 

25 with activated charcoal, filtered, and concentrated under reduced pressure to obtain an oil. 

[0571] This was dissolved in ethanol (40 mL). Cone, hydrochloric acid (10 mL) and ethanol (10 mL) were added to 
the mixture and the mixture was heated under reflux for 2.5 hours. The reaction mixture was combined with hexane, 
the organic layer was separated, and the aqueous layer was extracted with hexane and diisopropyl ether. The combined 
organic layer was washed with 2 M aqueous solution of sodium hydroxide (twice) and water, and concentrated under 

30 reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 20: 
1) to obtain an oil (15.7 g). 

[0572] 2.57 g of this material was dissolved in tetrahydrofuran (1 0 mL), a 1 .6 M solution of n-butyllithium/hexane (7.5 
mL, 12 mmol) was added dropwise to the mixture at -40 °C, and the mixture was stirred at the same temperature for 
1 hour. To this, copper (I) iodide (1 .14 g, 5.99 mmol) was added, and the mixture was stirred at -40 °C for 20 minutes. 

35 To the resultant mixture, 3-chloro-2-methyl-1-propene (1.1 mL, 11 mmol) was added dropwise, and the mixture was 
stirred at room temperature for 1 hour. The reaction mixture was poured into ice water, the insolubles were filtered off, 
and washed with ethyl acetate. The organic layer was separated, and the aqueous layer was extracted with ethyl 
acetate. The combined organic layer was washed with water and brine, dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ 

40 ethyl acetate, 50:1 ) to obtain the title compound (1 .77 g, yield: 46%). 
An oil. 

1 H NMR (CDCI3) 5 1.50 (6H, s), 1.69 (3H, s), 3.00 (2H, s), 3.24 (2H, s), 3.85 (3H, s), 4.74 (1H, brs), 4.79 (1H, br s), 
6.55 (1H,s),6.59(1H, s). 

45 REFERENCE EXAMPLE 10 

e-Ethoxy-I^.S^.S.g-hexahydro-S.S.S^-tetramethyl-l-phenylfuro^^-hlisoquinoline 

[0573] To a solution of e-ethoxy-SAS.g-tetrahydro-S.SAS-tetramethyl-l -phenylfuro[2,3-h]isoquinoline (2.27 g, 6.50 
50 mmol) in methanol (30 mL), 0.8 M solution of hydrogen chloride/methanol (9.7 mL) was added dropwise. The resultant 

mixture was cooled with ice, treated portionwise with sodium borohydride (90%) (0.28 g, 7.8 mmol), and stirred at room 

temperature for 10 minutes. The reaction mixture was combined with water, and extracted twice with ethyl acetate. 

The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and concentrated 

under reduced pressure to obtain the title compound (2.20 g, yield: 96%). 
55 a gum. 

1 H NMR (CDCI3) 81.16 (3H, s), 1 .21 (3H, s), 1 .24 (3H, s), 1 .34 (3H, s), 1 .43 (3H, t, J = 7.0 Hz), 1 .76 (1 H, d, J = 1 5.7 
Hz), 2.43 (1 H, d, J = 15.7 Hz), 2.54 (1H, d, J = 15.0 Hz), 2.80 (1H, d, J = 15.0 Hz), 4.11 (2H, q, J = 7.0 Hz), 4.93 (1H, 
s), 6.49 (1H, s), 7.16-7.38 (5H, m). 



92 



EP 1 270 577 A1 



REFERENCE EXAMPLE 11 

I^^^.S^-Hexahydro-e-methoxy-S.S.B^-tetramethyi-l-phenylfurop.a-hlisoquinoline 

5 [0574] The title compound was obtained from 3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1 -phenylfuro[2,3-h] 
isoquinoline by the method similar to that in Reference Example 10. 
Quantitative. Amorphous. 

1 H NMR (CDCI 3 ) 51.17 (3H, s), 1 .21 (3H, s), 1 .24 (3H, s), 1 .34 (3H, s), 1 .76 (1 H, d, J = 15.8 Hz), 2.44 (1 H, d, J = 15.8 
Hz), 2.55 (1H, d, J = 15.0 Hz), 2.81 (1 H, d, J = 15.0 Hz), 3.86 (3H, s), 4.93 (1H, s), 6.49 (1H, s), 7.13-7.38 (5H, m). 

10 

REFERENCE EXAMPLE 12 

4-(6-Ethoxy-1 ,2,3,4, S.g-hexahydro-S.S.S.S-tetramethylfuro^^-hlisoquinolin-l-yObenzamide 

'5 [0575] The title compound was obtained from 4-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquin- 
olin-1-yl)benzamide by the method similar to that in Reference Example 10. Yield: 96%. 
Melting point: 157-163 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 )5 1.17 (3H, s), 1.22 (3H,s), 1.24 (3H, s), 1.34 (3H, s), 1.43 (3H, t, J = 7.0 Hz), 1.76 (1H, d, J = 15.5 
Hz), 2.42 (1H, d, J = 15.5 Hz), 2.54 (1H, d, J = 15.4 Hz), 2.82 (1H, d, J = 15.4 Hz), 4.11 (2H, q, J = 7.0 Hz), 5.00 (1H, 
20 S ), 5.45-6.40 (2H, m), 6.50 (1 H, s), 7.33 (2H, d, J = 8.2 Hz), 7.75 (2H, d, J = 8.2 Hz). 

REFERENCE EXAMPLE 13 

3-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-3-hydroxy-2,2-dimethylpropionic acid ethyl ester 

25 

[0576] To a solution of 1 ,1 ,1 ,3,3,3-hexamethyldisilazane (1.88 g, 11.6 mmol) in tetrahydrofuran (40 mL), a 1.53 M 
solution of n-butyllithium/hexane (7.61 mL, 11 .6 mmol) was added dropwise at -78°C, and the mixture was stirred at 
the same temperature for 15 minutes. To the reaction mixture, a solution of ethyl isobutyrate (1 .35 g, 11 .6 mmol) in 
tetrahydrofuran (1 mL) was added dropwise, and the mixture was stirred with cooling in ice for 30 minutes. The reaction 

30 mixture was cooled at -78 °C again, and treated dropwise with a solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-ben- 
zofurancarboxaldehyde (2.00 g, 9.70 mmol) in tetrahydrofuran (3 mL). The reaction mixture was stirred for 1 hour, 
combined with an aqueous solution of ammonium chloride, and then extracted with ethyl acetate. The extract was 
washed with water, and then concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a silica gel (hexane/ethyl acetate, 4:1 to 13:7) to obtain the title compound (1.56 g, yield: 50%). 

35 An oil. 

1 H NMR (CDCI3) 51.11 (3H, s), 1 .16 (3H, s), 1 .28 (3H, t, J = 7.2 Hz), 1 .50 (6H, s), 3.01 (2H, s), 3.86 (3H, s), 4.1 8 (2H, 
q, J = 7.2 Hz), 4.80 (1H, s), 6.70 (1H, s), 6.71 (1H, s). 

(Alternative synthetic method) 

40 

[0577] To a mixture of zinc (powder, 11 g, 170 mmol) and toluene (300 mL), a solution of 2,3-dihydro-7-methoxy- 
2,2-dimethyl-5-benzofurancarboxaldehyde (17 g, 82 mmol) and 2-bromoisobutyric acid ethyl ester (35 g, 180 mmol) 
in toluene (300 mL) was added at 100 °C. The reaction mixture was heated under reflux for 3 hours. The reaction 
mixture was cooled to room temperature, and then the insolubles were filtered off. The filtrate was washed with 1 M 
45 hydrochloric acid and brine, dried over magnesium sulfate, and then the solvent was distilled off under reduced pres- 
sure. The resultant residue was purified by a column chromatography on a silica gel (hexane/ethyl acetate, 5:1) to 
obtain the title compound (17 g, yield: 62%). 

REFERENCE EXAMPLE 14 

50 

3-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2,2-dimethylpropionic acid ethyl ester 

[0578] To a solution of 3-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-3-hydroxy-2,2-dimethylpropionic ac- 
id ethyl ester (1 .50 g, 4.65 mmol) and triethylsilane (0.81 7 mL, 5.12 mmol) in dichloromethane (15 mL), boron trifluoride 
55 diethyl ether complex (0.648 mL, 5.12 mmol) was added with cooling in ice, and the mixture was stirred with cooling 
in ice for 1 hour. The reaction mixture was combined with a saturated aqueous solution of sodium hydrogen carbonate, 
and extracted with ethyl acetate. The extract was washed with water, and concentrated under reduced pressure. The 
residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 9:1) to obtain the title com- 
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pound (1.30 g, yield: 91%). 
An oil. 

1 H NMR (CDCI 3 ) 51.17 (6H, s), 1 .24 (3H, t, J = 7.4 Hz), 1 .49 (6H, s), 2.77 (2H, s), 2.98 (2H, s), 3.83 (3H, s), 4.11 (2H, 
q, J « 7.4 Hz), 6.49 (1 H, s), 6.52 (1 H, s). 

REFERENCE EXAMPLE 15 

3-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2,2-dimethylpropionic acid 

[0579] To a solution of 3-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2,2-dimethylpropionicacid ethyl ester 
(1 .25 g, 4.08 mmol) in methanol (1 0 mL), 2 M aqueous solution of sodium hydroxide was added, and the mixture was 
stirred for 1 .5 hours. The reaction mixture was acidified with 1 M hydrochloric acid, and extracted with ethyl acetate. 
The extract was washed with water, and then concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a silica gel (hexane/ethyl acetate, 3:2), and then recrystallized from hexane-ethyl acetate 
to obtain the title compound (0.87 g, yield: 69%). 
Melting point: 88-89 °C 

1 H NMR (CDCI3) 5 1 .21 (6H, S), 1 .50 (6H, s), 2.81 (2H, s), 2.99 (2H, s), 3.82 (3H, s), 6.55 (2H, s). 
REFERENCE EXAMPLE 16 

N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-1,1-dimethylethyl]-N'-phenylurea 

[0580] To a solution of 3-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2,2-dimethylpropionic acid (0.80 g, 
2.87 mmol) and diphenylphosphoryl azide (0.650 mL, 3.01 mmol) in toluene (5 mL), triethylamine (0.421 mL, 3.01 
mmol) was added, and the mixture was stirred at 70 °C for 1 hour. The reaction mixture was allowed to cool to room 
temperature. Aniline (0.275 mL, 3.01 mmol) was added to the mixture and the mixture was stirred at 80 °C for 1 hour. 
The reaction mixture was diluted with ethyl acetate, washed with water followed by 1 M hydrochloric acid and water, 
and then concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica 
gel (hexane/ethyl acetate, 7:3) to obtain the title compound (0.69 g, yield: 65%). 
Amorphous. 

1 H NMR (CDCI3) 8 1.34 (6H, s), 1.48 (6H, s), 2.96 (4H, s), 3.73 (3H, s), 4.54 (1H, br s), 6.28 (1H, brs), 6.55 (2H, s), 
7.04 (1 H, t, J = 7.0 Hz), 7.18-7.30 (4H, m). 

REFERENCE EXAMPLE 17 

N-[2-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-1,1-dimethylethyl]-N , -(4-methoxyphenyl)urea 

[0581] The title compound was obtained employing 4-methoxyaniline by the method similar to that in Reference 
Example 16. 
Yield: 88%. 
An oil. 

1 H NMR (CDCI3) 8 1 .32 (6H, s), 1 .49 (6H, s), 2.93 (2H, s), 2.97 (2H, s), 3.77 (3H, s), 3.78 (3H, s), 4.37 (1 H, br s), 6.01 
(1 H, br s), 6.53 (2H, s), 6.80 (2H, d, J = 8.8 Hz), 7.04 (2H, d, J = 8.8 Hz). 

REFERENCE EXAMPLE 18 

N-[2-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzof uranyl)-1 , 1 -dimethylethyl]-1 -piperidinecarboxamide 

[0582] The title compound was obtained employing piperidine by the method similar to that in Reference Example 16. 
Melting Point: 133-134 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1.34 (6H, s), 1.48-1.60 (6H, m), 1.50 (6H, s), 2.93 (2H, s), 2.99 (2H, s), 3.21-3.28 (4H, m), 3.83 
(3H, s), 4.11 (1H, br s), 6.53 (1H. s), 6.55 (1H, s). 

REFERENCE EXAMPLE 19 

Cyclohexyltriphenylphosphonium bromide 

[0583] A mixture of cyclohexyl bromide (10.0 g, 61 .3 mmol) and triphenylphosphine (16.1 g, 61 .3 mmol) was stirred 
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at 140-150 °C for 72 hours. The reaction solution was cooled, and then crystallized from ethyl acetate to obtain the 
title compound (19.1 g, yield: 73%). This was used in the next reaction without further purification. 

REFERENCE EXAMPLE 20 

5 

S^CyclohexylidenemethyO^^-dihydro^-methoxy^^-dimethylbenzofuran 

[0584] A suspension of cyclohexyltriphenylphosphonium bromide (7.42 g, 17.4 mmol) in tetrahydrofuran (70 ml_) 
was cooled at -78 °C, to this, a 1 .53 M solution of n-butyllithium in hexane (11.4 ml_, 1 7.4 mmol) was added dropwise, 

10 and the mixture was stirred with cooling in ice for 1 hour. To this, 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuran- 
carboxaldehyde (3.00 g, 14.5 mmol) was added, and the mixture was allowed to stir with cooling in ice further for 1 
hour. The reaction solution was combined with water, and extracted with ethyl acetate. The extract was washed with 
water, and then concentrated under reduced pressure. The residue was subjected to a column chromatography on a 
silica gel (hexane/ethyl acetate, 19:1) to obtain the title compound (0.87 g, yield: 22%). 

15 An oil. 

1 H NMR (CDCI 3 ) 8 1.51 (6H, s), 1.59 (6H, brs), 2.20-2.26 (2H, m), 2.35-2.42 (2H, m), 3.02 (2H, s), 3.B5 (3H, s), 6.16 
(1H,s), 6.58 (1H,s), 6.63 (1H,s). 

REFERENCE EXAMPLE 21 

20 

3-Formyl-a,ot-dimethylbenzeneacetic acid ethyl ester 

[0585] To a solution of 3-methylbenzeneacetic acid ethyl ester (10.0 g, 56.1 mmol) in N,N-dimethylformamide (80 
mL), sodium hydride (66% suspension in oil) (4.29 g, 118 mmol) was added with cooling in ice, and the mixture was 

25 stirred at room temperature for 3 hours. A solution of iodomethane (7.34 mL, 118 mmol) in N,N-dimethylformamide 
(20 mL) was added dropwise with cooling in ice, and the mixture was stirred at room temperature for 3.5 hours. Ice 
water was poured into the reaction mixture, and the mixture was extracted twice with ethyl acetate. The combined 
organic layer was washed with a dilute aqueous solution of sodium chloride twice, and brine, dried over magnesium 
sulfate, filtered, and concentrated under reduced pressure to obtain the mixture (13.3 g) containing a,a,3-trimethyl- 

30 benzeneacetic acid ethyl ester as an oil. 

[0586] This was dissolved in ethyl acetate (100 mL). N-bromosuccinimide (10.5 g, 58.9 mmol) and 2,2-azobis(iso- 
butyronitriJe) (92 mg, 0.561 mmol) were added to the mixture and the mixture was stirred at 60 °C for 9 hours. Ice water 
was poured into the reaction mixture, and the mixture was washed with brine, dried over magnesium sulfate, filtered, 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel 

35 (hexane/ethyl acetate, 50:1 followed by 10:1) to obtain the mixture (15.6 g) containing 3-(bromomethyl)-a,a-dimethyl- 
benzeneacetic acid ethyl ester as an oil. 

[0587] This was dissolved in acetic acid (35 mL) and water (35 mL). Hexamethylenetetramine (15.7 g, 112 mmol) 
was added to the mixture and the mixture was heated under reflux at 90 °C for 1 hour. Ethyl acetate was poured into 
the reaction mixture, and the mixture was washed with water, a saturated aqueous solution of sodium hydrogen car- 
40 bonate and brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 50:1 followed by 30:1) to obtain the title 
compound (5.84 g, yield: 47%). 
An oil. 

1 H NMR (CDCI3) 5 1.91 (3H, t, J = 7.1 Hz), 1.63 (6H, s), 4.14 (2H, q, J = 7.1 Hz), 7.46-7.65 (2H, m), 7.74-7.89 (2H, 
45 m ), 10.02 (1H,s). 

REFERENCE EXAMPLE 22 

3-Cyano-a,a-dimethylbenzeneacetic acid ethyl ester 

50 

[0588] 3-Formyl-a,a-dimethylbenzeneacetic acid ethyl ester (5.49 g, 24.9 mmol) was dissolved in ethanol (30 mL). 
Hydroxylamine hydrochloride (3.46 g, 49.9 mmol) and sodium acetate (4.09 g, 49.9 mmol) were added to the mixture 
and the mixture was heated under reflux for 40 hours. Ethanol was distilled off under reduced pressure, ethyl acetate 
was poured into the residue, and the mixture was washed with water and brine, dried over sodium sulfate, filtered, and 
55 concentrated under reduced pressure. The residue was dissolved in acetic anhydride (30 mL), and stirred at 130 °C 
for 15 hours. 5 M aqueous solution of sodium hydroxide was poured into the reaction mixture, and the mixture was 
extracted with ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium hydrogen 
carbonate, water, and brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The 
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residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 40:1 followed by 20:1) to 
obtain the title compound (4.21 g, yield: 78%). 

?H NMR (CDCI3) 8 1.19 (3H, t, J = 7.1 Hz), 1.59 (6H, s), 4.13 (2H, q, J = 7.1 Hz), 7.39-7.65 (4H, m). 

REFERENCE EXAMPLE 23 
4-Hydroxy-3-(2-methyl-2-propenyl)benzaldehyde 

[0589] The title compound was obtained from p-hydroxybenzaldehyde by the method similar to that in Reference 
Example 1. Yield: 59%. 

!S NMR (CDCI3) 5 1.75 (3H, s), 3.45 (2H, s), 4.89 (1H, s), 4.98 (1H, s), 6.19 (1H, bra). 6.96 (1H, d, J = 8.1 Hz), 7.70 
(1H, d, J = 8.1 Hz), 7.74 (1H. s), 9.86 (1H, s). 

REFERENCE EXAMPLE 24 

2,3-Dihydro-2,2-dimethyl-5-benzofurancarboxaldehyde 
g, yield: 75%). 

^ NMR (CDCI3) 5 1.51 (6H, s), 3.06 (2H, s). 6.82 (1H, d, J = 8.4 Hz), 7.64-7.71 (2H, m), 9.82 (1H, s). 
REFERENCE EXAMPLE 25 

7-Bromo-2,3-dihydro-2,2-dimethyl-5-benzofurancarboxaldehyde 

[05911 To a solution of 2 .3-dihydro-2,2-dimethyl-5-benzofurancarboxaldehyde (5.90 g 33.5 mmol) in acetic : acid I (20 
mU a solution of bromine (2.07 mL, 40.2 mmol) in acetic acid (5 mL) was added, and the mixture was stirred at room 
temperate to 5 hours. An aqueous solution of sodium thiosulfate was poured into the reaction mixture, and the 
S was lx rac ed twice wU. ethyl acetate. The combined organic layer was washed with bnne, dned over mag- 
SI suLl fibred, and concentred under reduced pressure. The residue , was 1 subjected to a co.umn chroma- 
tography on a silica gel (hexane/ethyl acetate, 10:1) to obtain the t.tle compound (8.08 g, yield. 94 /„). 

?H NMR (CDCI3) 8 1 .57 (6H, s), 3.16 (2H, s), 7.63 (1 H, d, J = 1 .6 Hz), 7.83 (1 H, d, J = 1 .8 Hz), 9.77 (1 H, s). 
REFERENCE EXAMPLE 26 

7-Bromo-2,3-dihydro-2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran 

[05921 The title compound was obtained from 5-bromo-2,3-dihydro-2,2-dimethyl-5-benzofurancarboxaldehyde by 
the method similar to that in Reference Example 5. Yield: 81%. 

1H NMR (CDCI3) 5 1 .52 (6H, s), 1 .83 (3H, d, J = 1 .1 Hz), 1 .86 (3H, d, J = 1 .1 Hz), 3.07 (2H, s), 6.12 (1H, s), 6.91 (1H, 
s), 7.13 (1H,s). 

REFERENCE EXAMPLE 27 

7-Ethylthio-2,3-dihydro-2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran 

[0593] To a solution of 1 .54 M solution of tert-butyllithium/pentane (3.45 mL, SM mmol) in 
a solution of N,N,N-,N'-tetramethylethylenediamine (0.81 mL, 5.34 mmol) and 7 -bromo-2,3-d.hyd ^J^'™"* 
5-(2 !-methyl-1 -p openyl)benzofuran (300 mg, 1 .07 mmol) in tetrahydrofuran (1 mL) was added and the »^ 
stirred a 78 -C for 30 minutes. A solution of diethyl disulfide (1 .32 mL, 1 0.7 mmol) in tetrahydrofuran was added to 
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the mixture and the mixture was warmed gradually from -78 °C to room temperature, and then stirred for 15 hours. 
Water was poured into the reaction mixture, and the mixture was extracted twice with ethyl acetate. The combined 
organic layer was washed with brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a silica gel (hexane followed by hexane/ethyl acetate, 50: 
s 1) to obtain the title compound (264 mg, yield: 94%). 
An oil. 

1 H NMR (CDCI 3 ) 6 1 .26 (3H, t, J = 7.3 Hz), 1 .50 (6H, s), 1 .84 (3H, s), 1 .87 (3H, s), 2.90 (2H, q, J = 7.3 Hz), 6.15 (1 H, 
s), 6.89 (1H, s), 7.00 (1H, s). 

10 REFERENCE EXAMPLE 28 

2,3-Dihydro-2,2,7-trimethylbenzofuran 

[0594] To a solution of o-cresoi (19.1 mL, 184 mmol) in N.N-dimethylformamide (100 mL), 3-chloro-2-methyl-1 -pro- 
fs pene (20.1 mL, 203 mmol) and potassium carbonate (30.5 g, 221 mmol) were added, and the mixture was stirred at 

80 °C for 3 hours. Ice water was poured into the reaction mixture, and the mixture was extracted twice with ethyl 

acetate. The combined organic layer was washed with water (twice) and brine, dried over magnesium sulfate, filtered, 

and concentrated under reduced pressure to obtain 1-methyl-2-[(2-methyl-2-propenyl)oxy]benzene (30. 8g) as an oil. 

[0595] This was dissolved in N ,N-diethylaniline (27 mL), and stirred at 21 0 °C for 5 hours under nitrogen atmosphere. 
20 Ethyl acetate was poured into the reaction mixture, and the mixture was washed with 1 M hydrochloric acid, 2 M 

hydrochloric acid and brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure to obtain 

2-methyl-6-(2-methyl-2-propenyl)phenol (34.3 g) as an oil. 

[0596] 1 .20 g of this material was dissolved in ethanol (6 mL). cone. Hydrochloric acid (1 .5 mL) was added to the 
mixture and the mixture was heated under reflux for 2 hours. Ethanol was distilled off under reduced pressure, ethyl 
25 acetate was poured into the residue, and the mixture was washed with water and brine, dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica 
gel (hexane) to obtain the title compound (710 mg, yield: 59%). 
An oil. 

1 H NMR (CDCI3) 6 1 .47 (6H, s), 2.19 (3H, s), 3.00 (2H, s), 6.69-6.76 (1 H, m), 6.91 -6.98 (2H, m). 

30 

REFERENCE EXAMPLE 29 

2,3-Dihydro-2,2,7-trimethyl-5-benzofurancarboxaldehyde 

35 [0597] To a solution of phosphorus oxychloride (0.78 mL, 8.38 mmol) in N,N-dimethylformamide (0.71 mL, 9.22 
mmol), a solution of 2,3-dihydro-2,2,7-trimethylbenzofuran (680 mg, 4.19 mmol) in N,N-dimethylformamide (2 mL) was 
added, and the mixture was stirred at 80 °C for 15 hours. Ice water was poured into the reaction mixture, and the 
mixture was neutralized with 5 M aqueous solution of sodium hydroxide, and extracted twice with ethyl acetate. The 
combined organic layer was washed with water (twice) and brine, dried over magnesium sulfate, filtered, and concen- 

40 trated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl 
acetate, 30:1 followed by 10:1) to obtain the title compound (640 mg, yield: 80%). 
An oil. 

1 H NMR (CDCI3) 5 1 .51 (6H, s), 2.23 (3H, s), 3.05 (2H, s), 7.50 (1 H, d, J = 0.8 Hz), 7.53 (1 H, d, J = 0.8 Hz), 9.78 (1 H, s). 
45 REFERENCE EXAMPLE 30 

2,3-Dihydro-2,2,7-trimethyl-5-(2-methyl-1-propenyl)benzofuran 

[0598] The title compound was obtained from 2,3-dihydro-2,2,7-trimethyl-5-benzofurancarboxaldehyde by the meth- 
50 od similar to that in Reference Example 5. Yield: 93%. 
An oil. 

1 H NMR (CDCI3) 5 1.47 (6H, s), 1.85 (6H, s), 2.17 (3H, s), 2.99 (2H, s), 6.16 (1H, s), 6.80 (1H, s), 6.85 (1H, s). 
REFERENCE EXAMPLE 31 

55 

4-Cyclohexylbenzaldehyde 

[0599] To a mixture of phenylcyclohexane (24.9 g, 155 mmol) and aluminum chloride (20.9 g, 1 57 mmol) in nitrometh- 
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ane (200 ml_), a solution of dichloromethylmethyl ether (1 8.0 g, 1 57 mmol) in nitromethane (50 mL) was added dropwise 
at 0 °C over 40 minutes, and the mixture was stirred at 0 °C for 40 minutes. The reaction mixture was poured into ice 
water, and the organic material was extracted with diethyl ether. The extract was washed with brine, dried over mag- 
nesium sulfate, and then the solvent was distilled off under reduced pressure to obtain the mixture (27.8 g) containing 
5 the title compound. This was used in the next reaction without further purification. 
An oil. 

REFERENCE EXAMPLE 32 

10 4-Cyclohexylbenzonitrile 

[0600] A solution of 4-cyclohexylbenzaldehyde (13.4 g, 71 .1 mmol) and hydroxylamine hydrochloride (6.82 g, 98.1 
mmol) in formic acid (200 mL) was heated under reflux for 2 hours. The reaction solution was cooled to room temper- 
ature, and then poured into ice water, and the solution was basified with potassium hydroxide. The organic material 
15 was extracted with hexane. The extract was washed with brine, dried over sodium sulfate, and then the solvent was 
distilled off under reduced pressure. The resultant residue was purified by a column chromatography on a silica gel 
(hexane/ethyl acetate, 20:1 followed by 10:1) to obtain the title compound (5.75 g, yield: 44%). 
An oil. 

1 H NMR (CDCI 3 ) 8 1 .26-1 .52 (4H, m), 1 .74-1 .89 (6H, m), 2.56 (1 H, br), 7.27-7.39 (2H, m), 7.50-7.62 (2H, m). 

20 

REFERENCE EXAMPLE 33 
4-Phenoxybenzaldehyde 

25 [0601] A suspension of 4-fluorobenzaldehyde (30.5 g, 246 mmol), phenol (23.5 g, 249 mmol), and potassium car- 
bonate (34.8 g, 252 mmol) in N.N-dimethylformamide (500 mL) was heated under reflux for 11 .5 hours. The reaction 
solution was cooled to room temperature, and then the solvent was distilled off under reduced pressure. The resultant 
residue was combined with water, and the organic material was extracted with ethyl acetate. The extract was washed 
with brine, dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure to obtain the 

30 mixture (48.1 g) containing the title compound. This was used in the next reaction without further purification. 
An oil. 

REFERENCE EXAMPLE 34 
35 4-Phenoxybenzonitrile 

[0602] The title compound was obtained from 4-phenoxybenzaldehyde by the method similar to that in Reference 
Example 32. Yield: 80%. 

1 H NMR (CDCI3) 5 6.97-7.19 (4H, m), 7.20-7.28 (1H, m), 7.37-7.46 (2H, m), 7.57-7.64 (2H, m). 

40 

REFERENCE EXAMPLE 35 
4-(1 -Piperidinyl)benzonitrile 

45 [0603] A suspension of 4-fluorobenzonitrile (6.0 g, 50 mmol), piperidine (4.0 g, 47 mmol), and potassium carbonate 
(8.5 g, 62 mmol) in N.N-dimethylformamide (100 mL) was stirred at 95 °C for 37 hours. The reaction solution was 
cooled to room temperature, and the solvent was distilled off under reduced pressure. The resultant residue was com- 
bined with water, and the organic material was extracted with ethyl acetate. The extract was washed with brine, dried 
over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue was 

so purified by a column chromatography on a silica gel (hexane/ethyl acetate, 20:1 followed by 5:1) to obtain the title 
compound (8.3 g, yield: 90%). 

1H NMR (CDCI3) 5 1 .66 (6H, s), 3.33 (4H, s), 6.84 (2H, d, J = 8.8 Hz), 7.46 (2H, d, J = 8.8 Hz). 
REFERENCE EXAMPLE 36 

55 

3,5-Bis(1 ,1 -dimethylethyl)-4-hydroxybenzonitrile 

[0604] The title compound was obtained from 3,5-bis(1 ,1 -dimethylethyl)-4-hydroxybenzaldehyde by the method sim- 
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liar to that in Reference Example 32. Yield: 45%. 

1 H NMR (CDCI 3 ) 6 1 .44 (18H, s), 5.74 (1 H, s), 7.47 (2H, s). 

REFERENCE EXAMPLE 37 

5 

4-Methyl-2-phenyl-1H-imidazole-5-carbonitrile 

[0605] The title compound was obtained from 4-methyl-2-phenyl-1 H-imidazole-5-carboxaldehyde by the method sim- 
ilar to that in Reference Example 32. Yield: 54%. 
10 1H NMR (DMSO-d 6 ) 5 2.41 (3H, s), 3.19 (1H, s), 7.42-7.54 (3H, m), 7.92 (2H, dd, J = 7.8, 1.4 Hz). 

REFERENCE EXAMPLE 38 

4-(1 -Methylethoxy)benzonitrile 

15 

[0606] A solution of 2-propanol (4.4 g, 73 mmol) and sodium hydride (60% in oil, 2.9 g, 73 mmol) in N.N-dimethyl- 
formamide (100 mL) was stirred at 0 °C for 10 minutes. A solution of 4-fluorobenzonitrile (7.1 g, 59 mmol) in N,N- 
dimethylformamide (25 mL) was added to the reaction mixture at 0 °C, and stirred at the same temperature for 3 hours, 
and at room temperature further for 15.5 hours. The reaction solution was poured into water, and extracted with ethyl 
20 acetate. The extract was washed with brine, dried over magnesium sulfate, and then the solvent was distilled off under 
reduced pressure. The resultant residue was crystallized from hexane to obtain the title compound (7.4 g, yield: 85%). 
1 H NMR (CDCI3) S 1 .36 (6H, d, J = 6.2 Hz), 4.52-4.64 (1 H, m), 6.91 (2H, d, J = 8.6 Hz), 7.57 (2H, d, J = 8.6 Hz). 

REFERENCE EXAMPLE 39 

25 

4-Cyanobenzyl acetate 

[0607] A mixture of 4-cyanobenzylbromide (12.6g, 64 rimol)) and sodium acetate (10.6g, 129 mmol) in N,N-dimeth- 
ylformamide (50 mL) was stirred at 80 °C for 25 hours. The solvent was distilled off under reduced pressure, the 
30 resultant residue was combined with water, and the organic material was extracted with ethyl acetate. The extract was 
washed with brine, dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The 
resultant residue was purified by a column chromatography on a silica gel (hexane/ethyl acetate, 20:1 followed by 2: 
1) to obtain the title compound (8.9 g, yield: 80%). 

*H NMR (CDCI3) 5 2.14 (3H, s), 5.16 (2H, s), 7.47 (2H, d, J = 8.4 Hz), 7.68 (2H, d, J = 8.4 Hz). 

35 

REFERENCE EXAMPLE 40 

4-[2-(4-Methoxyphenyl)ethoxy]benzonitrile 

40 [0608] The title compound was obtained from 4-methoxyphenethyl alcohol and 4-fluorobenzonitrile by the method 
similar to that in Reference Example 38. Yield 93%. 

1 H NMR (CDCI3) 5 3.06 (2H, t, J = 7.0 Hz), 3.80 (3H, s), 4.17 (2H, t, J = 7.0 Hz), 6.87 (2H, t, J = 8.7 Hz), 6.93 (2H, d, 
J = 9.0 Hz), 7.19 (2H, d, J = 8.7 Hz), 7.57 (2H, d, J = 9.0 Hz). 

45 REFERENCE EXAMPLE 41 

2,3-Dihydro-7-methoxy-5-benzofurancarbonitrile 

[0609] The title compound was obtained from 7-methoxy-2,3-dihydro-5-benzofurancarboxaldehyde by the method 
50 similar to that in Reference Example 32. Yield 77%. 

1 H NMR (CDCI3) 8 3.28 (2H, t, J = 8.8 Hz), 3.89 (3H, s), 4.73 (2H, t, J = 8.8 Hz), 7.00 (1H, s), 7.16 (1H, s). 

REFERENCE EXAMPLE 42 

55 4-[(1 ,3-Dihydro-1 ,3-dioxo-2H-isoindol-2-yl)methyl]benzonitriie 

[0610] A mixture of 4-cyanobenzylbromide (4.0 g, 20 mmol) and potassium phthalimide (3.8 g, 21 mmol) in N,N- 
dimethylformamide (40 mL) was stirred at room temperature for 20 hours. The reaction solution was concentrated 
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under reduced pressure, the resultant residue was combined with water, and the organic material was extracted with 
ethyl acetate. The extract was washed with brine, dried over magnesium sulfate, and then the solvent was distilled off 
under reduced pressure to obtain the mixture (4.6 g) containing the title compound. This was used in the next reaction 
without further purification. 

5 

REFERENCE EXAMPLE 43 
4-(Aminomethyl)benzonitrile 

10 [0611] A solution of 4-[(1 ,3-dihydro-1 ,3-dioxo-2H-isoindol-2-yl)methyl]benzonitrile (4.6 g, 18 mmol) and hydrazine 
monohydrate (8.9 g, 180 mmol) in ethanol (90 mL) was heated under reflux for 33 hours. The reaction solution was 
cooled to room temperature, and concentrated under reduced pressure. The residue was combined with water, basif ied 
with potassium hydroxide, and then extracted with diethyl ether. The extract was washed with brine, dried over mag- 
nesium sulfate, and then the solvent was distilled off under reduced pressure to obtain the title compound (1 .9 g, yield: 

15 81%). 
An oil. 

1 H NMR (CDCI 3 ) 8 3.96 (2H, s), 7.45 (2H, d, J = 8.0 Hz), 7.63 (2H, d, J = 8.0 Hz). 
REFERENCE EXAMPLE 44 

20 

N-[(4-cyanophenyl]methyl]methanesulfonamide 

[0612] To a solution of 4-(aminomethyl)benzonitrile (1 .9 g, 14 mmol) and triethylamine (3.0 mL, 22 mmol) in tetrahy- 
drofuran (30 mL), methanesulfonyl chloride (1 .1 mL, 14 mmol) was added dropwise at 0 °C. The reaction solution was 
25 stirred at room temperature for 9 hours. The reaction solution was poured into water, and the organic material was 
extracted with ethyl acetate. The extract was washed with brine, dried over magnesium sulfate, and then the solvent 
was distilled under reduced pressure to obtain crude crystals. The resultant crude crystals were washed with hexane- 
diethylether to obtain the title compound (2.0 g, yield: 66%). 

1H NMR (CDCI 3 ) 5 2.94 (3H, s), 4.40 (2H, d, J = 6.6 Hz), 5.01 (1 H, br), 7.50 (2H, d, J = 8.6 Hz), 7.67 (2H, d, J = 8.6 Hz). 

30 

REFERENCE EXAMPLE 45 
6-Methoxy-3-pyridinecarbonitrile 

35 [0613] A solution of sodium methoxide (2.42 g, 44.8 mmol) and 6-chloronicotinonitrile (3.04 g, 21 .9 mmol) in N,N- 
dimethylformamide (50 mL) was stirred at room temperature for 10 hours. The reaction solution was poured into water, 
and the organic material was extracted with ethyl acetate. The extract was washed with brine, dried over magnesium 
sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue was purified by a column 
chromatography on a silica gel (hexane/ethyl acetate, 2:1) to obtain the title compound (2.28 g, yield: 78%). 

40 1 H NMR (CDCI 3 ) 5 4.00 (3H, s), 6.83 (1 H, dd, J = 8.8, 0.8 Hz), 7.78 (1 H, dd, J = 8.6, 2.4 Hz), 8.50 (1 H, d, J = 1 .4 Hz). 

REFERENCE EXAMPLE 46 

3- (1 -Methylethoxy)benzonitrile 

45 

[0614] The title compound was objected from 2-propanol and 3-fluorobenzonitrile by the method similar to that in 
Reference Example 38. Yield: 78%. 

1 H NMR (CDCI3) 5 1.35 (6H, d, J = 6.0 Hz), 4.51-4.63 (1H, m), 7.07-7.13 (2H, m), 7.21 (1H, dt, J = 7.6, 1.2 Hz), 7.36 
(1H,td, J = 7.6, 1.4 Hz). 

50 

REFERENCE EXAMPLE 47 

4- Pyridinecarboxamide 1 -oxide 

55 [0615] A solution of isonicotinamide (52 g, 430 mmol) and a 30% aqueous solution of hydrogen peroxide (65 mL, 
570 mmol) in acetic acid (170 mL) was stirred at 80 °C for 12 hours. The reaction solution was cooled to room tem- 
perature, precipitated crystals were recovered by filtration, and washed with water and hexane to obtain the title com- 
pound (30 g, yield: 50%). 
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1 H NMR (DMSO-d 6 ) 6 7.66 (1H, br), 7.82-7.87 (2H, m), 8.17 (1 H, br), 8.26-8.33 (2H, m). 

REFERENCE EXAMPLE 48 

5 4-Methylquinoline 1 -oxide 

[061 6] The title compound was obtained from 4-methylquinoline by the method similar to that in Reference Example 
47. Yield: 75%. 

1H NMR (CDCI 3 ) 8 2.67 (3H, s), 7.14 (1H, d, J = 6.2 Hz), 7.65-7.84 (2H, m), 7.96-8.01 (1H, m), 8.45 (1H, d, J = 6.4 
10 Hz), 8.79-8.84 (1H, m). 

REFERENCE EXAMPLE 49 

3-Methylquinoline 1 -oxide 

15 

[0617] The title compound was obtained from 3-methylquinoline by the method similar to that in Reference Example 
47. Yield: 91%. 

1 H NMR (CDCI3) 6 2.46 (3H, s), 7.53-7.81 (4H, m), 8.43 (1H, s), 8.69 (1H, d, J = 8.8 Hz). 
20 REFERENCE EXAMPLE 50 
7-Methylquinoline 1 -oxide 

[061 8] The title compound was obtained from 7-methylquinoline by the method similar to that in Reference Example 
25 47. Yield: 46%. 

1 H NMR (CDCI3) 5 2.61 (3H, s), 7.20-7.27 (1H, m), 7.46-7.51 (1H, m), 7.69-7.79 (2H, m), 8.50-8.56 (2H, m). 

REFERENCE EXAMPLE 51 

30 4-Pyridinecarboxylic acid ethyl ester 1 -oxide 

[061 9] The title compound was obtained from isonicotinic acid ethyl ester by the method similar to that in Reference 
Example 47. Yield: 80%. 

1H NMR (CDCI3) 5 1 .39 (3H, t, J = 7.0 Hz), 4.42 (2H, q, J = 7.0 Hz), 7.92-7.97 (2H, m), 8.33-8.39 (2H, m). 

35 

REFERENCE EXAMPLE 52 

6- Methylquinoline 1 -oxide 

40 [0620] The title compound was obtained from 6-methylquinoline by the method similar to that in Reference Example 
47. Yield: 87%. 

1 H NMR (CDCI3) 5 2.55 (3H, s), 7.22-7.29 (1 H, m), 7.56-7.68 (3H, m), 8.47 (1 H, d, J = 6.0 Hz), 8.64 (1 H, d, J = 8.8 Hz). 
REFERENCE EXAMPLE 53 

45 

7- Methoxy-2-benzofurancarboxylic acid 

[0621] A solution of o-vanillin (51 g, 340 mmol), bromomalonic acid diethyl ester (73 g, 310 mmol), and potassium 
carbonate (82 g, 590 mmol) in 2-butanone (200 mL) was heated under reflux for 3.5 hours. The reaction solution was 
so cooled to room temperature, and then the solvent was distilled off under reduced pressure. The resultant residue was 
combined with water, and the organic material was extracted with diethyl ether. The extract was washed with brine, 
dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The solution of the re- 
sultant residue and potassium hydroxide (43 g, 740 mmol) in ethanol (400 mL) was heated under reflux for 1 hour. The 
reaction solution was cooled to room temperature, poured into water, and then acidified by the addition of 6 M hydro- 
ps chloric acid. The organic material was extracted with ethyl acetate, the extract was washed with brine, dried over 
magnesium sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue was crystallized 
from diisopropyl ether to obtain the title compound (26 g, yield: 45%). 

1 H NMR (DMSO-d 6 ) 5 3.97 (3H, s), 5.71 (1 H, s), 7.09 (1 H, dd, J = 7.4, 1 .5 Hz), 7.27 (1 H, t, J = 7.8 Hz), 7.33 (1 H, dd, 
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J = 7.8, 1.5 Hz), 7.65 (1H,s). 
REFERENCE EXAMPLE 54 
5 7-Methoxybenzofuran 

[0622] A suspension of 7-methoxy-2-benzofurancarboxylic acid (23 g, 120 mmoi) and copper (powder, 5.8 g, 92 
mmol) in quinoline (70 mL) was heated under reflux for 1 2 hours. The reaction solution was cooled to room temperature. 
The insolubles were filtered off, filtrate was poured into water, and acidified by the addition of 2 M hydrochloric acid. 
10 The organic material was extracted with ethyl acetate, the extract was washed with brine, dried over magnesium sulfate, 
and then the solvent was distilled off under reduced pressure. The resultant residue was purified by a column chro- 
matography on a silica gel (hexane/ethyl acetate, 10:1) to obtain the title compound (8.0 g, yield 46%). 
1 H NMR (CDCI 3 ) 5 4.02 (3H, s), 6.77 (1H, d, J = 2.2 Hz), 6.81 (1H, dd, J = 6.8, 2.2 Hz), 7.12-7.22 (2H, m), 7.63 (1H, 
d, J -2.2 Hz). 

15 

REFERENCE EXAMPLE 55 
2,3-Dihydro-7-methoxybenzofuran 

20 [0623] To a solution of 7-methoxybenzofuran (8.0 g, 54 mmol) in acetic acid (55 mL), 10% palladium on carbon (3.9 
g, 49% hydrate) was added, and the mixture was stirred at room temperature for 8 hours under hydrogen atmosphere. 
The reaction solution was filtered to remove the catalyst, and then the filtrate was concentrated under reduced pressure. 
The resultant residue was neutralized by the addition of 8 M aqueous solution of sodium hydroxide, and the organic 
material was extracted with diethyl ether. The extract was washed with brine, dried over magnesium sulfate, and then 

25 the solvent was distilled off under reduced pressure to obtain the title compound (7.2 g, yield: 90%). 
An oil. 

1 H NMR (CDCI 3 ) 8 3.17 (2H, t, J = 8.6 Hz), 3.82 (3H, s), 4.56 (2H, t, J = 8.6 Hz), 6.65-6.72 (1H, m), 6.72-6.78 (2H, m). 
REFERENCE EXAMPLE 56 

30 

2,3-Dihydro-7-methoxy-5-benzofurancarboxaldehyde 

[0624] To N,N-dimethylformamide (8.0 mL), phosphorus oxychloride (8.0 mL, 86 mmol) was added dropwise at 0 
°C. A solution of 2,3-dihydro-7-methoxybenzofuran (6.7 g, 44 mmol) in N,N-dimethylformamide (26 mL) was added to 

35 the reaction mixture and the mixture was stirred at 80 °C for 1 hour. The reaction solution was cooled to room temper- 
ature, and then poured into water. The solution was basified by the addition of 8 M aqueous solution of sodium hydrox- 
ide, and then extracted with diethyl ether. The extract was washed with brine, dried over magnesium sulfate, and then 
the solvent was distilled off under reduced pressure. The resultant residue was purified by a column chromatography 
on a silica gel (hexane/ethyl acetate, 10:1 followed by 5:2) to obtain the title compound (3.5 g, yield: 44%). 

40 1H NMR (CDCI3) 53.32 (2H, t, J = 8.8 Hz), 3.94 (3H, s), 4.77 (2H, t, J = 8.8 Hz), 7.32 (1 H, d, J = 1 .2 Hz), 7.38 (1 H, d, J = 
1.2 Hz), 9.82 (1H, s). 

REFERENCE EXAMPLE 57 

45 2,3-Dihydro-7-methoxy-5-(2-methyl-1 -propenyl)benzofuran 

[0625] To a suspension of 2,3-dihydro-7-methoxy-5-benzofurancarboxaldehyde (3.5 g, 20 mmol) and isopropylt- 
riphenylphosphonium iodide (10 g, 24 mmol) in tetrahydrofuran (60 mL), sodium hydride (60% in oil, 1 .1 g, 28 mmol) 
was added at 0 °C, and the mixture was heated under reflux for 2.5 hours. The reaction solution was cooled to room 
50 temperature, and poured into water. The organic material was extracted with ethyl acetate, the extract was washed 
with brine, dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The resultant 
residue was purified by a column chromatography on a silica gel (hexane/ethyl acetate, 50:1 followed by 1 0: 1 ) to obtain 
the title compound (2.0 g, yield: 50%). 
An oil. 

55 1H NMR (CDCI3) 5 1.86-1.88 (6H, m), 3.22 (2H, t, J = 8.6 Hz), 3.86 (3H, s), 4.62 (2H, t, J = 8.6 Hz), 6.20 (1H, br s), 
6.61 (1H,s),6.71 (1H,s). 
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REFERENCE EXAMPLE 58 

3-lodo-5-methoxy-4-[(2-methyi-2-propenyl)oxy]benzaldehyde 

[0626] A suspension of 5-iodovanillin (20 g, 72 mmol), 3-chloro-2-methyl-1 -propene (1 3 g, 1 40 mmol), and potassium 
carbonate (20 g, 1 40 mmol) in N,N-dimethylformamide (1 00 ml_) was stirred at 80 °C for 6 hours. The reaction solution 
was cooled to room temperature, and then the solvent was distilled off under reduced pressure. The residue was 
combined with water, and the organic material was extracted with ethyl acetate. The extract was washed with brine, 
dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue 
was purified by a column chromatography on a silica gel (hexane/ethyl acetate, 1 0:1 followed by 5:1) to obtain the title 
compound (22 g, yield: 93%). 
An oil. 

1 H NMR (CDCI 3 ) 8 1.94 (3H, s), 3.91 (3H, s), 4.54 (2H, s), 5.01 (1H, s), 5.17 (1H, s), 7.41 (1H, d, J = 1 .8 Hz), 7.87 
(1H, d, J = 1.8 Hz), 9.83 (1H, s). 

REFERENCE EXAMPLE 59 

2,3-Dihydro-7-methoxy-3,3-dimethyl-5-benzofurancarboxaldehyde 

[0627] A suspension of 3-iodo-5-methoxy-4-[(2-methyl-2-propenyl)oxy]benzaldehyde (22 g, 66 mmol), palladium(ll) 
acetate (0.60 g, 27 mmol), potassium carbonate (9.0 g, 65 mmol), sodium formate (4.3 g, 63 mmol), and tetrabutylam- 
monium bromide (1 8 g, 55 mmol) in N,N-dimethylformamide (300 mL) was stirred at 1 00 °C for 2.5 hours. The reaction 
solution was cooled to room temperature, and then the solvent was distilled off under reduced pressure. The residue 
was combined with water, and the organic material was extracted with ethyl acetate. The extract was washed with 
brine, dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The resultant 
residue was purified by a column chromatography on a silica gel (hexane/ethyl acetate, 1 0:1 followed by 2:1) to obtain 
the title compound (7.7 g, yield: 57%). 
An oil. 

1 H NMR (CDCI3) 6 1.40 (6H, s), 3.95 (3H, s), 4.43 (2H, s), 7.31-7.32 (2H, m), 9.84 (1H, s). 
REFERENCE EXAMPLE 60 

2,3-Dihydro-7-methoxy-3,3-dimethyl-5-(2-methyl-1-propenyl)benzofuran 

[0628] The title compound was obtained from 2,3-dihydro-7-methoxy-3 l 3-dimethyl-5-benzofurancarboxaldehyde 
and isopropyltriphenylphosphonium iodide by the method similar to that in Reference Example 57. Yield 59%. 
An oil. 

1 H NMR (CDC 1 3 ) 5 1 .33 (6H, s), 1 .87-1 .89 (6H, m), 3.87 (3H, s), 4.29 (2H, s), 6.23 (1 H, br s), 6.61 (1 H, s), 6.62 (1 H, s). 
REFERENCE EXAMPLE 61 

2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranmethanol 

[0629] A solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofurancarboxaldehyde (7.5 g, 36 mmol) and sodium 
borohydride (0.72 g, 1 9 mmol) in methanol (60 mL) was stirred at 0 °C for 3 hours. The reaction solution was concen- 
trated under reduced pressure, and the resultant residue was combined with water. The solution was acidified by the 
addition of 1 M hydrochloric acid, and then the organic material was extracted with ethyl acetate. The extract was 
washed with brine, dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The 
resultant residue was purified by a column chromatography on a silica gel (hexane/ethyl acetate, 5:1 followed by 2:1 ) 
to obtain the title compound (5.8 g, yield:77%). 
An oil. 

1 H NMR (CDCI3) 8 1.50 (6H, s), 2.20 (1H, br), 3.01 (2H, s), 3.86 (3H, s), 4.57 (2H, s), 6.76 (2H, s). 
REFERENCE EXAMPLE 62 

[(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)methyl]triphenylphosphonium bromide 

[0630] To a solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranmethanol (5.8 g, 28 mmol) in diethyl ether 
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(90 ml_), phosphorus tribromide (0.90 mL, 9,5 mmol) was added dropwise at 0 °C. The reaction solution was stirred 
at 0 Q C for 30 minutes, and then poured into water. The organic layer was washed with brine, dried over magnesium 
sulfate, and then the solvent was distilled off under reduced pressure. The solution of the resultant residue (7.2 g) and 
triphenylphosphine (7.5 g, 29 mmol) in toluene (70 mL) was stirred at 80 °C for 10 hours. The reaction solution was 
5 cooled to room temperature, and precipitated crystals were recovered by filtration and washed with diethyl ether to 
obtain the title compound (12 g, yield: 84%). 

1 H NMR (CDCI 3 ) 5 1 .45 (6H, s), 2.83 (2H, s), 3.49 (3H, s), 5.33 (2H, d, J = 13.6 Hz), 6.50 (1 H, s), 6.58 (1 H, s), 7.59-7.81 
(15H, m). 

10 REFERENCE EXAMPLE 63 

5-(2-Ethyl-1-butenyl)-2,3-dihydro-7-methoxy-2,2-dimethylbenzofuran 

[0631] To a suspension of ^.S-dihydro^-methoxy^^-dimethyl-S-benzofuranylJmethylltriphenylphosphonium bro- 
15 mide (5.6 g, 1 0 mmol) in tetrahydrofuran (50 mL), potassium tert-butoxide (1 .3 g, 11 mmol) was added at 0 °C. 3-pen- 

tanone (2.2 mL, 21 mmol) was added to the reaction mixture and the mixture was heated under reflux for 20 hours. 

The reaction solution was cooled to room temperature, and then poured into water. The solution was acidified by the 

addition of 1 M hydrochloric acid, and then the organic material was extracted with ethyl acetate. The extract was 

washed with brine, dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure. The 
20 resultant residue was purified by a column chromatography on a silica gel (hexane/ethyl acetate, 50:1 followed by 5: 

1) to obtain the title compound (2.4 g, yield: 87%). 

An oil. 

1H NMR (CDCI3) 8 1 .09 (6H, td, J = 7.6, 1 .8 Hz), 1 .51 (6H, s), 2.12-2.34 (4H, m), 3.02 (2H, s), 3.85 (3H, s), 6.1 6 (1 H, 
s), 6.61 (1H, s), 6.64 (1H, s). 

25 

REFERENCE EXAMPLE 64 
2,3-Dihydro-5-benzofurancarbonitrile 

30 [0632] A solution of 2,3-dihydro-5-benzofurancarboxaldehyde (5.00 g, 33.7 mmol) and hydroxylamine hydrochloride 
(3.52 g, 50.6 mmol) in formic acid (70 mL) was heated under reflux for 2 hours. The reaction mixture was poured into 
ice water, and neutralized with potassium hydroxide to recover precipitated crystals. The resultant crystals were dis- 
solved in ethyl acetate, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue 
was recrystallized from ethyl acetate- hexane to obtain the title compound (3.03 g, yield: 62%). 

35 Melting point: 69-70 °C 

1 H NMR (CDCI3) 8 3.26 (2H, d, J = 8.8 Hz), 4.67 (2H, d, J = 8.8 Hz), 6.82 (1 H, dd, J = 8.8, 1 .0 Hz), 7.42-7.46 (2H, m). 

REFERENCE EXAMPLE 65 

40 2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofurancarbonitrile 

[0633] A solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofurancarboxaldehyde (8.40 g, 40.7 mmol) and hy- 
droxylamine hydrochloride (4.25 g, 61 .1 mmol) in formic acid (1 00 mL) was heated under reflux for 3 hours. The reaction 
mixture was poured into ice water, neutralized with potassium hydroxide to recover precipitated crystals. The resultant 
45 crystals were dissolved in ethyl acetate, dried over magnesium sulfate, filtered, and concentrated under reduced pres- 
sure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 5:1) to obtain the 
title compound (6.73 g, yield: 81%). 
Melting point: 73-74 °C 

1 H NMR (CDCI3) 8 1.54 (6H, s), 3.07 (2H, s), 3.89 (3H, s), 7.00 (1H, br s), 7.12 (1H, brs). 

50 

REFERENCE EXAMPLE 66 
4-(Phenylthio)benzonitrile 

55 [0634] To a solution of 4-fluorobenzonitrile (5.00 g, 41 .3 mmol) in N,N-dimethylformamide (1 00 mL), thiophenol (4.55 
g, 41 .3 mmol) and potassium carbonate (5.71 g, 41 .3 mmol) were added, and the mixture was stirred at 150 °C for 
2.5 days under nitrogen atmosphere. The reaction solution was cooled to room temperature, the reaction solvent was 
concentrated and distilled off under reduced pressure, and the residue was poured into water. The organic material 



104 



EP 1 270 577 A1 



was extracted with ethyl acetate, the extract was washed with brine, dried over magnesium sulfate, filtered, and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane 
followed by hexane/ethyl acetate, 20:1) to obtain the title compound (6.03 g, yield: 69%). 
An oil. 

5 1H NMR (CDCI 3 ) 5 7.15-7.20 (2H, m), 7.42-7.55 (7H, m). 
REFERENCE EXAMPLE 67 

4- (1-Methylethyl)benzonitrile 

10 

[0635] The title compound was obtained employing 4-(1 -methylethyl)benzaldehyde by the method similar to that in 
Reference Example 65. Yield: 77%. 
An oil. 

1 H NMR (CDCI3) 5 1 .26 (6H, d, J = 7.0 Hz), 2.89-3.03 (1 H, m), 7.00 (2H, ddd, J = 8.4, 2.0, 1 .6 Hz), 7.12 (2H, ddd, J = 
15 8.4,2.0, 1.6 Hz). 

REFERENCE EXAMPLE 68 

5- Methyl-2-thiophenecarbonitrile 

20 

[0636] The title compound was obtained employing 5-methyl-2-thiophenecarboxaldehyde by the method similar to 
that in Reference Example 65. Yield: 60%. 
An oil. 

1H NMR (CDCI3) 5 2.46 (3H, s), 6.95 (1H, d, J = 5.0 Hz), 7.47 (1H, d, J = 5.0 Hz). 

25 

REFERENCE EXAMPLE 69 

4-(Trifluoromethoxy)benzonitrile 

30 [0637] The title compound was obtained employing 4-(trifluoromethoxy)benzaldehyde by the method similar to that 
in Reference Example 65. Yield: 71%. 
An oil. 

1 H NMR (CDCI3) 8 7.33 (2H, d, J = 8.6 Hz), 7.76 (2H, d, J = 8.6 Hz). 
35 REFERENCE EXAMPLE 70 

3,5-Dichloro-4-pyridinecarboxaldehyde 

[0638] To a solution of diisopropylamine (24.9 mL, 177 mmol) in tetrahydrofuran (150 mL), 1 .6 M solution of n-butyl- 
40 lithium/hexane (116 mL, 186 mmol) was added dropwise at -78 °C over 20 minutes under nitrogen atmosphere, and 
then a solution of 3,5-dichloropyridine (25.0 g, 169 mmol) in tetrahydrofuran (100 mL) was added dropwise over 15 
minutes, and the mixture was stirred further for 20 minutes. N,N-dimethylformamide (1 8.3 mL, 237 mmol) was added 
to the mixture, and the mixture was stirred at room temperature for 18 hours. The reaction solution was poured into a 
solution of cone, hydrochloric acid (60 mL) in water (400 mL), and stirred at room temperature for 24 hours. The aqueous 
45 layer was separated, and the organic material was extracted with diethyl ether. The extract was washed with brine, 
dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column 
chromatography on a silica gel (hexane/ethyl acetate, 10:1 followed by 5:1) to obtain the title compound (7.96 g, yield: 
27%). 

1 H NMR (CDCI3) 5 8.64 (2H, s), 10.46 (1H, s). 

50 

REFERENCE EXAMPLE 71 

3,5-Dichloro-4-pyridinecarbonitrile 

55 [0639] The title compound was obtained employing 3,5-dichloro-4-pyridinecarboxaldehyde by the method similar to 
that in Reference Example 64. Yield: 86%. 
Melting point: 114-115 °C. 
1 HNMR(CDCI 3 )5 8.69 (2H, s). 
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REFERENCE EXAMPLE 72 

3- Methyl-2-thiophenecarbonitrile 

5 [0640] The title compound was obtained employing 3-methyl-2-thiophenecarboxaldehyde by the method similar to 
that in Reference Example 65. Yield: 59%. 

1 H NMR (CDCI 3 ) 8 2.55 (3H, d, J = 1 .0 Hz), 6.78 (1 H, dd, J = 4.0, 1 .0 Hz), 7.44 (1 H, d, J = 4.0 Hz). 
REFERENCE EXAMPLE 73 

10 

4- (Methylsulfinyl)benzonitriie 

[0641] To a mixture solution of 4-(methylthio)benzonitrile (5.00 g, 33.5 mmol) in methanol (200 mL), tetrahydrofuran 
(50 mL) and water (50 mL), sodium metaperiodate (7.89 g, 36.9 mmol) was added, and the mixture was heated under 
15 reflux for 2 hours. The reaction solution was cooled to room temperature, and then precipitated crystals were recovered 
by filtration, washed with water, and air-dried to obtain the title compound (4.39 g, yield: 79%). 
Melting point: 87-90 °C 

1 H NMR (CDCI3) 6 2.81 (3H, s), 7.89 (2H, dd, J = 8.4, 2.0 Hz), 8.07 (2H, dd, J = 8.4, 2.0 Hz). 
20 REFERENCE EXAMPLE 74 
4-(Methylsulfonyl)benzonitrile 

[0642] To a solution of 4-(methylthio)benzonitrile (5.00 g, 33.5 mmol) in dichloromethane (1 50 mL), m-chloroperben- 
25 zoic acid (1 5.0 g, 73.7 mmol) was added, and the mixture was stirred at 0 °C for 30 minutes, and at room temperature 
further for 5 hours. The reaction solution was poured into 2 M aqueous solution of sodium hydroxide, and extracted 
with dichloromethane. The extract was washed with a mixture aqueous solution of sodium hydroxide, sodium thiosul- 
fate, and sodium iodide, and brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. 
The residue was recrystallized from ethyl acetate- hexane to obtain the title compound (4.53 g, yield: 75%). 
30 Melting point: 142-144 °C 

1 H NMR (CDCI3) 5 3.10 (3H, s), 7.90 (2H, d, J = 8.8 Hz), 8.10 (2H, d, J = 8.8 Hz). 

REFERENCE EXAMPLE 75 

35 3,4,5-Trimethoxybenzonitrile 

[0643] The title compound was obtained employing 3,4,5-trimethoxybenzaldehyde by the method similar to that in 
Reference Example 65. Yield: 60%. 
Melting point: 93-94 °C 
40 1H NMR (CDCI3) 5 3.89 (6H ( s), 3.91 (3H, s), 6.87 (2H, s). 

REFERENCE EXAMPLE 76 

2,2 , -Bipyridyl 1 -oxide 

45 

[0644] To a solution of 2,2 , -bipyridyl (25.0 g, 160 mmol) in chloroform (400 mL), m-chloroperbenzoic acid (38.4 g, 
160 mmol) was added with cooling in ice, and the mixture was stirred at room temperature for 12 hours. The reaction 
solution was washed with a 5% aqueous solution of sodium carbonate, and the aqueous layer was extracted with 
dichloromethane. The combined organic layer was washed with brine, dried over magnesium sulfate, filtered, and 
50 concentrated under reduced pressure. The residue was subjected to a basic column chromatography on a silica gel 
(hexane/ethyl acetate 1:1 followed by ethyl acetate), and the precipitated crystals were washed with diethyl ether to 
obtain the title compound (16.1 g, yield: 58%). 
Melting point: 58-60 °C 

1 H NMR (CDCI3) 5 7.45-7.52 (3H, m), 7.89-7.98 (1H, m), 8.09-8.14 (1H, m), 8.35-8.39 (1H, m), 8.73-8.78 (2H, m). 

55 
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REFERENCE EXAMPLE 77 

1-[2,2'-Bipyridin]-6-yl-1,6-dihydro-6-oxo-3-pyndinecarboxamide 

5 [0645] To a solution of 6-chloronicotinamide (4.70 g, 30.0 mmol) and 2,2'-bipyridyl 1 -oxide (10.3 g, 60.0 mmol) in 
xylene (90 ml_) and acetic acid (18 mL), a 25% solution of hydrogen bromide/acetic acid (12 mL) was added, and the 
mixture was heated under reflux for 10 hours. The reaction mixture was poured into an aqueous solution of sodium 
hydroxide, and precipitated crystals were recovered, and air-dried to obtain the title compound (3.20 g, yield: 36%). 
1 H NMR (CDCI 3 ) 5 6.60 (1 H, d, J = 1 0.0 Hz), 7.39-7.66 (3H, m), 7.83-8.03 (3H, m), 8.14-8.51 (3H, m), 8.68-8.75 (2H, m). 

10 

REFERENCE EXAMPLE 78 

1-[2,2'-Bipyridin]-6-yl-1 ,6-dihydro-6-oxo-3-pyridinecarbonitrile 

15 [0646] To a solution of N,N-dimethyiformamide (2.04 mL, 26.4 mmol) in acetonitrile (30 mL), oxalyl chloride (2.09 
mL, 24.0 mmol) was added dropwise with cooling on ice, and the mixture was stirred at the same temperature for 15 
minutes. 1 -[2,2'-bipyridin]-6-yl-1 ,6-dihydro-6-oxo-3-pyridinecarboxamide (3.50 g, 1 2.0 mmol) was added to the mixture, 
triethylamine (7.36 mL, 52.8 mmol) was added dropwise to the mixture with cooling in ice, and then the mixture was 
stirred at room temperature for 24 hours. The reaction solvent was concentrated and distilled off under reduced pres- 
to sure, and the residue was poured into water. The precipitated crystals were recovered, and dissolved in chloroform. 
This was dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was washed with 
diethyl ether to obtain the title compound (2.06 g, yield: 63%). 

1 H NMR (CDCI3) 5 6.69 (1H, d, J - 9.6 Hz), 7.51 (1H, ddd, J = 7.4, 4.8, 1.0 Hz), 7.82 (1H, dd, J = 9.6, 2.2 Hz), 7.83 
(1H, d, J = 7.6 Hz), 7.99 (1H, td, J = 7.6, 1.8 Hz), 8.19 (1H, t, J = 7.6 Hz), 8.42 (1H, d, J = 7.6 Hz), 8.49 (1H, d, J = 7.6 
25 Hz), 8.74 (1 H, dd, J = 4.8, 0.6 Hz), 8.97 (1 H, d, J = 2.2 Hz). 

REFERENCE EXAMPLE 79 

1,6-Dihydro-1-(8-methyl-2-quinolinyl)-6-oxo-3-pyridinecarbonitrile 

30 

[0647] To a solution of 6-chloronicotinamide (5.90 g, 37.7 mmol) and 8-methylquinoline 1 -oxide (9.00 g, 56.5 mmol) 
in xylene (90 mL) and acetic acid (18 mL), a 25% solution of hydrogen bromide/acetic acid (12 mL) was added, and 
the mixture was heated under reflux for 6 hours. The reaction mixture was poured into an aqueous solution of sodium 
hydroxide, and a precipitated crystals were recovered, and air-dried to obtain 1 ,6-dihydro-1-(8-methyl-2-quinolinyl)- 

35 6-oxo-3-pyridinecarboxamide (9.03 g, yield: 86%). 

[0648] To a solution of N.N-dimethylformamide (7.48 mL, 96.6 mmol) in acetonitrile (200 mL), oxalyl chloride was 
then added dropwise with cooling in ice, and the mixture was stirred at the same temperature for 15 minutes. 1 ,6-di- 
hydro-1-(8-methyl-2-quinolyl)-6-oxo-3-pyridinecarboxamide (9.00 g, 32.2 mmol) was added to the mixture, and then 
triethylamine (26.9 mL, 193 mmol) was added dropwise to the mixture with cooling in ice, and the mixture was stirred 

40 at room temperature for 20 hours. The reaction solvent was concentrated and distilled off under reduced pressure, 
and the residue was poured into an aqueous solution of sodium hydroxide. The organic material was extracted with 
ethyl acetate and chloroform, washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate,. 2:1), 
and precipitated crystals were washed with diethyl ether to obtain the title compound (2.04 g, yield: 25%). 

45 Melting point 269-271 °C 

1 H NMR (CDCI3) 52.73 (3H, s), 6.70 (1H, dd, J = 9.6, 0.6 Hz), 7.62 (1H, dd, J = 7.6, 7.0 Hz), 7.73 (1H, d, J = 7.0 Hz), 
7.84 (1H, d, J = 8.8 Hz), 7.84 (1H, dd, J = 9.6, 2.6 Hz), 7.93 (1H, d, J = 7.6 Hz), 8.55 (1H, d, J = 8.8 Hz), 8.93 (1H, d, 
J = 2.6 Hz). 

so REFERENCE EXAMPLE 80 

1 ,6-Dihydro-1-(4-methyl-2-pyridinyl)-6-oxo-3-pyridinecarboxamide 

[0649] To a solution of 6-chloronicotinamide (6.68 g, 42.7 mmol) and 4-methylpyridine 1 -oxide (9.32 g, 85.4 mmol) 
55 in xylene (120 mL) and acetic acid (25 mL), a 25% solution of hydrogen bromide/acetic acid (15 mL) was added, and 
the mixture was heated under reflux for 3 hours. The reaction mixture was poured into an aqueous solution of sodium 
hydroxide, and precipitated crystals were recovered by filtration, and air-dried to obtain the title compound (5.14 g, 
yield: 56%). 



107 



EP 1 270 577 A1 



1 H NMR (CDCI 3 ) 5 2.42 (3H. s) } 6.55 (1H, d, J = 9.4 Hz), 7.33 (1H, br s), 7.36-7.40 (1H, m), 7.61-7.62 (1H, m), 7.86 
(1H, brs), 7.96 (1H, dd, J = 9.4, 2.6 Hz), 8.49 (1H, d, J = 2.6 Hz), 8.51 (1H, s). 

REFERENCE EXAMPLE 81 

5 

1,6-Dihydro-1-(4-methyl-2-pyridinyl)-6-oxo-3-pyridinecarbonitrile 

[0650] To a solution of N,N-dimethylformamide (2.30 mL, 29.7 mmol) in acetonitrile (70 ml_), oxalyl chloride (2.36 
mL, 27.0 mmol) was added dropwise with cooling in ice, and the mixture was stirred at the same temperature for 15 

10 minutes. 1 ,6-dihydro-1 -(4-methyl-2-pyridinyl)-6-oxo-3-pyridinecarboxamide (2.88 g, 13.5 mmol) was added to the mix- 
ture, triethylamine (4.14 mL, 29.7 mmol) was added dropwise to the mixture with cooling in ice, and then the mixture 
was stirred at room temperature for 12 hours. The reaction solvent was concentrated and distilled off under reduced 
pressure, and the residue was poured into an aqueous solution of sodium hydroxide. The organic material was extracted 
with ethyl acetate, washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 

15 The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 2:1 followed by 
1:1); and precipitated crystals were washed with diethyl ether to obtain the title compound (2.02 g, yield: 71%). 
Melting point: 166-168 °C 

1H NMR (CDCI3) 5 2.47 (3H, s), 6.68 (1H, dd, J = 9.4, 0.8 Hz), 7.20-7.24 (1H, m), 7.45 (1H, dd, J = 9.4, 2.6 Hz), 
7.71-7.73 (1H, m), 8.43 (1H, d, J = 5.0 Hz), 8.46 (1H, d, J = 0.8 Hz). 

20 

REFERENCE EXAMPLE 82 
2-Chlorocyclopentanone 

25 [0651] To a solution of cyclopentanone (84.1 g, 1 .00 mol) and N-chlorosuccinimide (134 g, 1 .00 mol) in carbon tet- 
rachloride (250 mL), 2,2'-azobis(isobutyronitrile) (1.64 g, O.IOmol) was added, and the mixture was stirred under a 
light irradiation for 6 hours. The reaction solution was filtered, and concentrated under reduced pressure. The residue 
was distilled under reduced pressure to obtain the title compound (59.2 g, yield: 50%). 
Boiling point: 80-86 °C /1 .7 kPa (13 mmHg). 

30 1H NMR (CDCI3) 8 1.84-2.72 (6H, m), 4.12 (1H, t, J - 6.8 Hz). 

REFERENCE EXAMPLE 83 
2-(2-Methoxyphenoxy)cyclopentanone 

35 

[0652] To a solution of guaiacol (31 .0 g, 250 mmol) in N,N-dimethylformamide (400 mL), sodium hydride (60% sus- 
pension in oil) (12.0 g, 300 mmol) was added, and the mixture was stirred at 0 °C for 30 minutes. A solution of 2-chlo- 
rocyclopentanone (59.2 g, 499 mmol) in N.N-dimethylformamide (100 mL) was added dropwise to the mixture, and 
the mixture was stirred at 0 °C further for 1 hour. The reaction solvent was concentrated and distilled off under reduced 
40 pressure, and the residue was poured into water. The organic material was extracted with ethyl acetate, the extract 
was washed with brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 4:1) to obtain the title compound 
(28.4 g, yield: 55%). 
An oil. 

45 1H NMR (CDCI3) 5 1.62-2.51 (6H, m), 3.86 (3H, s), 4.61 (1H, td, J = 7.8, 1.4 Hz), 6.84-7.04 (4H, m). 
REFERENCE EXAMPLE 84 
1-Methoxy-2-[(2-methylenecyclopentyl)oxy]benzene 

50 

[0653] To a solution of methyltriphenylphosphonium bromide (1 03 g, 289 mmol) in tetrahydrofuran (600 mL), potas- 
sium tert-butoxide (30.9 g, 275 mmol) was added, and the mixture was stirred at 0 °C for 3 hours. A solution of 2-(2-meth- 
oxyphenoxy)cyclopentanone (28.4 g, 138 mmol) in tetrahydrofuran (200 mL) was added dropwise, and the mixture 
was stirred at 0 °C further for 1 hour. The reaction solution was combined with water, and the organic layer was sep- 
55 arated. The aqueous layer was extracted with ethyl acetate, and the combined organic layer was washed with brine, 
dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a silica gel (hexane/ethyl acetate, 20:1) to obtain the title compound (22.4 g, yield: 79%). 
An oil. 
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1 H NMR (CDCI 3 ) 6 1.60-2.55 (6H, m), 3.85 (3H, s), 4.89-4.93 (1H, m), 5.07-5.17 (2H, m), 6.83-7.00 (4H, m). 

REFERENCE EXAMPLE 85 

5 2-(1 -Cyclopenten-1 -ylmethyl)-6-methoxyphenol 

[0654] 1-Methoxy-2-[(2-methylenecyclopentyl)oxy]benzene (22.4 g, 110 mmol) was dissolved in N,N-diethylaniline 
(30 mL), and stirred at 180 °C for 3 hours under nitrogen atmosphere. The reaction mixture was cooled with ice, 
combined with 2 M hydrochloric acid, and extracted with ethyl acetate. The organic layer was washed with brine, dried 
10 over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column 
chromatography on a silica gel (hexane/ethyl acetate, 50:1 ) to obtain the title compound (1 9.3 g, yield: 86%). 
An oil. 

1 H NMR (CDCI3) 5 1.78-1.94 (2H, m), 2.24-2.36 (4H, m), 3.42 (2H, s), 3.88 (3H, s), 5.30-5.32 (1H, m), 5.68 (1H, s), 
6.70-6.83 (3H, m). 

15 

REFERENCE EXAMPLE 86 
7-Methoxyspiro[benzofuran-2(3H), 1 '-cyclopentane] 

20 [0655] To a solution of 2-(1 -cyclopentan-1-ylmethyl)-6-methoxyphenol (22.4 g, 110 mmol) in methanol (200 mL), 
cone, sulfuric acid (20 mL) was added dropwise with cooling in ice, and the mixture was heated under reflux for 4 hours. 
The reaction solvent was concentrated and distilled under reduced pressure, and the residue was poured into ice water. 
The organic material was extracted with ethyl acetate, washed with brine, dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ 

25 ethyl acetate, 50:1) to obtain the title compound (1 7.0 g, 88%). 
An oil. 

1 H NMR (CDCI3) 5 1.67-2.21 (8H, m), 3.19 (2H, s), 3.86 (3H, s), 6.70-6.80 (3H, m). 
REFERENCE EXAMPLE 87 

30 

7-Methoxyspiro[benzofuran-2(3H),1'-cyclopentane]-5-carboxaldehyde 

[0656] Phosphorus oxychloride (15.5 mL, 166 mmol) was added dropwise to N, N -d im eth y if onn amide (6.44 mL, 166 
mmol), a solution of 7-methoxyspiro[benzofuran-2(3H), 1 -cyclopentane] (1 7.0 g, 83.2 mmol) in N,N-dimethylformamide 

35 (30 mL) was added dropwise with cooling in ice, and then the mixture was stirred at 80 °C for 6 hours. The reaction 
mixture was poured into ice water, neutralized with 8 M aqueous solution of sodium hydroxide, and then extracted with 
ethyl acetate. The extract was washed with brine, dried over sodium sulfate, filtered, concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 10:1), and 
crystallized from diethyl ether-hexane to obtain the title compound (11 .0 g, yield: 57%). 

40 Melting point: 54 °C 

1 H NMR (CDCI3) 8 1.70-2.26 (8H, m), 3.26 (2H, s), 3.93 (3H, s), 7.31-7.34 (2H, m), 9.80 (1H, S). 

REFERENCE EXAMPLE 88 

45 7-Methoxy-5-(2-methyl-1 -propenyl)spiro[benzofuran-2(3H), 1 '-cyclopentane] 

[0657] To a suspension of 7-methoxyspiro[benzofuran-2(3H),1'-cyclopentane]-5-carboxaldehyde (10.5 g, 45.2 
mmol) and isopropyltriphenylphosphonium iodide (31.4 g, 72.6 mmol) in tetrahydrofuran (150 mL), sodium hydride 
(60% suspension in oil) (3.26 g, 81 .4 mmol) was added, and the mixture was heated under reflux for 1 hour. The 
50 reaction mixture was poured into a 1 0% aqueous solution of ammonium chloride, and extracted twice with ethyl acetate. 
The combined organic layer was washed with water and brine, dried over magnesium sulfate, filtered, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 
20:1) to obtain the title compound (11.0 g, yield: 94%). 
An oil. 

55 1H NMR (CDCI3) 5 1.54-2.20 (14H, s), 3.17 (2H, s), 3.85 (3H, s), 6.20 (1H, s), 6.60 (1H, s), 6.66 (1H, s). 



109 



EP 1 270 577 A1 



REFERENCE EXAMPLE 89 
2-Bromo-3-pentanone 

[0658] To a solution of 3-pentanone (1 72 g, 2.00 mol) in methanol (500 mL), bromine (51 .1 mL, 1 .00 mol) was added 
dropwise, and the mixture was stirred at room temperature for 3 hours. The reaction solvent was concentrated and 
distilled off under reduced pressure, and the residue was treated with an aqueous solution of sodium thiosulfate, and 
extracted with ethyl acetate. The extract was washed with brine, dried over magnesium sulfate, filtered, and concen- 
trated under reduced pressure. The residue was distilled under reduced pressure to obtain the title compound (72.3 
g, yield: 44%). 

Boiling point: 65 °C /3.3 kPa (25 mmHg) 

1 H NMR (CDCI 3 ) 51.12 (3H, t, J = 7.4 Hz), 1 .75 (3H, t, J = 7.0 Hz), 2.61 (1 H, dq, J = 1 8.0, 7.4 Hz), 2.87 (1 H, dq, J = 
18.0, 7.4 Hz), 4.42 (1H, q, J = 7.0 Hz). 

REFERENCE EXAMPLE 90 

2-(2-Methoxyphenoxy)-3-pentanone 

[0659] The title compound was obtained from 2-bromo-3-pentanone by the method similar to that in Reference Ex- 
ample 83. 
Quantitative. 
An oil. 

1 H NMR (CDCI3) 5 1 .07 (3H, t, J = 7.4 Hz), 1 .51 (3H, t, J = 6.8 Hz), 2.59 (1 H, dq, J = 1 8.0, 7.4 Hz), 2.75 (1 H, dq, J = 
18.0, 7.4 Hz), 3.87 (3H, s), 4.62 (1 H, q, J = 6.8 Hz), 6.75-6.99 (4H, m). 

REFERENCE EXAMPLE 91 

1 -Methoxy-2-(1 -methyl-2-methylenebutoxy)benzene 

[0660] The title compound was obtained from 2-(2-methoxyphenoxy)-3-pentanone by the method similar to that in 
Reference Example 84. Yield: 79%. 
An oil. 

1H NMR (CDCI3) 5 1 .07 (3H, t, J = 7.2 Hz), 1 .50 (3H, t, J = 6.6 Hz), 2.13 (2H, q, J = 7.2 Hz), 3.86 (3H, s), 4.74 (1H, q, 
J = 6.6 Hz), 4.88 (1H, d, J = 1.4 Hz), 5.07-5.08 (1H, m), 6.78-6.91 (4H, m). 

REFERENCE EXAMPLE 92 

2-(2-Ethyl-2-butenyl)-6-methoxyphenol 

[0661] The title compound was obtained from 1-methoxy-2-(1-methyl-2-methylenebutoxy)benzene by the method 
similar to that in Reference Example 85. Yield: 97%. 
An oil. 

1 H NMR (CDCI3) 6 0.98 (3H, t, J = 7.6 Hz), 1.61 (3H, d, J = 7.0 Hz), 2.04 (2H, q, J = 7.6 Hz), 3.35 (2H, s), 3.88 (3H, 
s), 5.19 (1 H, q, J = 7.0 Hz), 5.68 (1H, s), 6.69-6.83 (3H, m). 

REFERENCE EXAMPLE 93 

2,2-Diethyl-2,3-dihydro-7-methoxybenzofuran 

[0662] The title compound was obtained from 2-(2-ethyl-2-butenyl)-6-methoxyphenol by the method similar to that 
in Reference Example 86. Yield: 86%. 
An oil. 

1 H NMR (CDCI3) 5 0.94 (6H, t, J = 7.4 Hz), 1 .78 (4H, q, J = 7.4 Hz), 3.01 (2H, s), 3.87 (3H, s), 6.71-6.78 (3H, m). 
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REFERENCE EXAMPLE 94 

2,2-Diethyl-2,3-dihydro-7-methoxy-5-benzofurancarboxaldehyde 

5 [0663] The title compound was obtained from 2,2-diethyl-2,3<lihydro-7-methoxybenzofuran by the method similar 
to that in Reference Example 87. Yield: 59%. 
An oil. 

1 H NMR (CDCI 3 ) 8 0.95 (6H, t, J = 7.4 Hz), 1.82 (4H, q, J = 7.4 Hz), 3.08 (2H, s), 3.93 (3H, s), 7.30 (1H, brs), 7.31 
(1H, br s), 9.79(1 H,s). 

10 

REFERENCE EXAMPLE 95 

2.2- Diethyl-2,3-dihydro-7-methoxy-5-(2-methyl-1-propenyl)benzofuran 

15 [0664] The title compound was obtained from 2,2-diethyl-2,3-dihydro-7-methoxy-5-benzofurancarboxaldehyde by 
the method similar to that in Reference Example 88. Quantitative. 
An oil. 

1H NMR (CDCI3) 5 0.94 (6H, t, J = 7.4 Hz), 1 .77 (4H, q, J = 7.4 Hz), 1 .87 {6H, s), 2.99 (2H, s), 3.85 (3H, s), 6.19 (1 H, 
s),6.59 (1H,s), 6.64(1 H, s). 

20 

REFERENCE EXAMPLE 96 

2.3- Dihydro-7-methoxy-a,a,2,2-tetramethyl-5-benzofuranethanamine 

25 [0665] A mixture of 3-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2,2-dimethylpropionic acid (5.0 g, 18 
mmol), diphenylphosphoryl azide (5.6 g, 20 mmol), and triethylamine (2.8 mL, 20 mmol) in toluene (1 00 mL) was heated 
under reflux for 1 hour. The reaction solution was cooled to room temperature, and then washed with water and brine, 
dried over magnesium sulfate, and then the solvent was distilled off under reduced pressure. 6 M Hydrochloric acid 
(30 mL) was added to the resultant residue and the mixture was stirred at 60 °C for 1 .5 hours. The reaction solution 

30 was cooled to room temperature, basified by the addition of 8 M aqueous solution of sodium hydroxide, and then the 
organic material was extracted with diethyl ether. The extract was washed with brine, dried over magnesium sulfate, 
and then the solvent was distilled off under reduced pressure to obtain the title compound (3.6 g, yield: 80%). 
An oil. 

1 H NMR (CDCI3) 51.13 (6H, s), 1 .51 (6H, s), 2.58 (2H, s), 3.02 (2H, s), 3.86 (3H, s), 6.55 (1H, s), 6.59 (1H, s). 

35 

REFERENCE EXAMPLE 97 

6-Chloro-N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-1,1-dimethylethyl]-3-pyridinecarboxamide 

40 [0666] A mixture of 2,3-dihydro-7-methoxy-a,a,2,2-tetramethyl-5-benzofuranethanamine (3.7 g, 15 mmol), 6-chlo- 
ronicotinoyl chloride hydrochloride (3.9 g, 1 8 mmol), sodium hydrogen carbonate (4.7 g, 56 mmol), tetrahydrofuran (30 
mL), toluene (60 mL) and water (30 mL) was stirred at room temperature for 14.5 hours. The reaction solution was 
concentrated under reduced pressure, and the residue was combined with water. The organic material was extracted 
with ethyl acetate. The extract was washed with brine, dried over magnesium sulfate, and then the solvent was distilled 

45 off under reduced pressure. The resultant residue was recrystallized from ethyl acetate-hexane to obtain the title com- 
pound (4.9 g, yield: 86%). 
Melting point: 118-119 °C 

1 H NMR (CDCi 3 ) 5 1 .48 (6H, s), 1 .49 (6H, s), 2.97 (2H, s), 3.04 (2H, s), 3.73 (3H, s), 5.72 (1 H, br), 6.51 (1 H, s), 6.56 
(1H, s), 7.38 (1H, d, J = 8.4 Hz), 7.96 (1H, dd, J = 8.4, 2.1 Hz), 8.62 (1H, d, J = 2.1 Hz). 

50 

REFERENCE EXAMPLE 98 

N-[2-(2,3-Dihydro-7-methoxy-2,2-dime%^ 
6-oxo-3-pyridinecarboxamide 

55 

[0667] A solution of 6-chloro-N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-1 ,1 -dimethylethyl]-3-pyridi- 
necarboxamide (1.5 g, 3.9 mmol), 6-methylquinoline 1 -oxide (3.9 g, 24 mmol), a 25% solution of hydrogen bromide/ 
acetic acid (1 .6 mL), and acetic acid (2.4 mL) in toluene (13 mL) was heated under reflux for 19.5 hours. The reaction 
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solution was cooled to room temperature, and then the reaction mixture was poured into water. The mixture was weak- 
alkalized by the addition of 8 M aqueous solution of sodium hydroxide, and then the organic material was extracted 
with ethyl acetate. The extract was washed with brine, and then dried over sodium sulfate, and the solvent was distilled 
off under reduced pressure. The resultant residue was purified by a column chromatography on a basic silica gel 
5 (hexane/chloroform/ethyl acetate, 1:1:1 followed by 1:1:2), and crystallized from hexane-diisopropyl ether to obtain 
the title compound (1 .2 g, yield: 59%). 
Melting point: 192-193 °C 

1 H NMR (CDCI3) 5 1 .45 (12H, s), 2.57 (3H, s), 2.92 (2H, s), 3.03 (2H, s), 3.75 (3H, s), 5.60 (1 H, br s), 6.54 (2H, d, J = 
7.4 Hz), 6.65 (1H, d, J = 9.4 Hz), 7.58-7.70 (3H, m), 7.86 (1H, d, J = 8.8 Hz), 7.97 (1H, d, J = 8.4 Hz), 8.20 (1H, d, J 
10 = 8.8 Hz), 8.51 (1 H, d, J = 2.2 Hz). 

REFERENCE EXAMPLE 99 

5-(3-Cyanophenyl)-1H-tetrazole-1 -acetic acid methyl ester 

15 

[0668] 3-(1H-tetrazol-5-yl)benzonitrile (1.77 g, 10 mmol) was dissolved in N,N-dimethylformamide (20 ml_). Sodium 
carbonate (1 .65 g, 12 mmol) and methyl bromoacetate (1 .84 g, 12 mmol) were added to the mixture with cooling in 
ice. The reaction mixture was allowed to warm to room temperature, and stirred for 1 hour. The reaction mixture was 
combined with ice water, and extracted twice with ethyl acetate. The extract was washed with an aqueous solution of 
20 sodium chloride, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a silica gel eluted with hexane/ethyl acetate (2:1), and the objective fraction 
was collected to concentrate, and recrystallized from hexane to obtain the title compound (1 .98 g, yield: 81%). 
Melting point: 67-69 °C 

1 H NMR (CDCI3) 5 3.86 (3H, s), 5.51 (2H, s), 7.5-8.6 (4H, m). 

25 

REFERENCE EXAMPLE 100 

2,3-Dihydro-7-methoxy-2,2-dimethyl-5-(2-nitroethenyl)benzofuran 

30 [0669] A mixture of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofurancarboxaldehyde (1 7.5 g, 84.9 mmol), and am- 
monium acetate (4.36 g, 56.6 mmol) in nitromethane (85 mL) was stirred at 100-105 °C for 1.5 hours. The reaction 
mixture was dissolved in ethyl acetate, washed with water and brine, dried over magnesium sulfate, filtered, and con- 
centrated under reduced pressure. The residue was recrystallized from ethyl acetate-diisopropyl ether to obtain the 
title compound (17.1 g, yield: 81%). 

35 Melting point: 154-156 °C 

1H NMR (CDCI3) 5 1.55 (6H, s), 3.08 (2H, s), 3.92 (3H, s), 6.91 (1H, s), 7.04 (1H, s), 7.51 (1H, d, J = 13.6 Hz), 7.96 
(1H, d, J = 13.6 Hz). 

REFERENCE EXAMPLE 101 

40 

N-[2-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)ethyl]benzamide 

[0670] To a solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-nitroethenyl)benzofuran (16.3 g, 65.4 mmol) in tet- 
rahydrofuran (250 mL), lithium aluminum hydride (7.44 g, 0.196 mol) was added in portions, and the mixture was 

^5 heated under reflux for 4 hours. The reaction mixture was cooled with ice, combined with Hyf lo Super-Cell (trade name) 
(37 g), and ethyl acetate (100 mL) was added dropwise, followed by water (1 5 mL). The resultant mixture was stirred 
at the same temperature for 1 0 minutes, filtered, and concentrated under reduced pressure to obtain the mixture (12.9 
g) containing 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranethanamine. 2.22 g of this material was dissolved in 
tetrahydrofuran (1 0 mL). A solution of sodium carbonate (1 .38 g, 1 3.0 mmol) in water (1 0 mL) was added to the reaction 

50 mixture, and then benzoyl chloride (1 .28 mL, 11 .0 mmol) was added dropwise to the mixture with cooling in ice. The 
mixture was stirred at the same temperature for 20 minutes. The reaction mixture was combined with water, and ex- 
tracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered, 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel 
(hexane/ethyl acetate, 1 0:1 followed by 3:1), and recrystallized from ethyl acetate-hexane to obtain the title compound 

55 (929 mg, yield 25%). 

Melting point: 137-138 °C 

1 H NMR (CDCI3) 5 1.51 (6H, s), 2.86 (2H, t, J = 6.8 Hz), 3.01 (2H, s), 3.61-3.75 (2H, m), 3.83 (3H, s), 6.08-6.22 (1H, 
m), 6.59 (1H, s), 6.65 (1H, s), 7.35-7.55 (3H, m), 7.67-7.75 (2H, m). 
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REFERENCE EXAMPLE 102 

2,3-Dihydro-7-methoxy-2 f 2-djmethyl-5-(2-nitro-1-propenyl)ben2ofuran 

5 [0671] A solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofurancarboxaldehyde (20.0 g, 97.0 mmol), nitro- 
ethane (7.70 mL, 1 07 mmol), piperidine (2.00 mL, 20.2 mmol) and acetic acid (5.60 mL, 97.8 mmol) in toluene (37 mL) 
was heated under reflux for 5 hours using Dean-Stark water separator. The reaction solution was cooled to room 
temperature. The mixture was separated into water and ethyl acetate. The organic layer was washed with brine, dried 
over magnesium sulfate, and then distilled off under reduced pressure. The resultant residue was crystallized from 

10 diisopropyl ether to obtain the title compound (20.9 g, yield: 82%). 
Melting point: 120-121 °C 

1 H NMR (CDCIg) 8 1.55 (6H, s), 2.50 (3H, s), 3.09 (2H, s), 3.91 (3H, s), 6.85 (1H, s), 6.96 (1H, s), 8.08 (1H, s). 
REFERENCE EXAMPLE 103 

15 

2,3-Dihydro-7-methoxy-a ) 2,2-trimethyl-5-benzofuranethanamine 

[0672] To a solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-nitro-1 -propenyl)benzofuran (1 0.9 g, 41 .4 mmol) in 
tetrahydrofuran (150 mL), lithium aluminum hydride (3.35 g, 88.3 mmol) was added at 0 °C in portions. The reaction 
20 solution was stirred at 0 °C for 15 minutes, and heated under reflux for 1 hour. The reaction solution was cooled with 
ice, water was added in portions, and the insolubles were filtered off. The filtrate was dried over sodium sulfate, and 
then the solvent was distilled off under reduced pressure to obtain the title compound (9.00 g, yield: 92%). 
An oil. 

1 H NMR (CDCI3) 6 1.12 (3H, d, J = 6.4 Hz), 1.50 (6H, s), 2.40 (1H, dd, J = 13.2, 8.4 Hz), 2.66 (1H, dd, J = 13.2, 5.2 
25 Hz), 3.01 (2H, s), 3.07-3.17 (1H, m), 3.85 (3H, s), 6.56 (1H, s), 6.59 (1H, s). 

REFERENCE EXAMPLE 104 

N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-1-methylethyl]benzamide 

30 

[0673] To a solution of 2,3-dihydro-7-methoxy-a,2,2-trimethyl-5-benzofuranethanamine (3.00 g, 12.7 mmol) and tri- 
ethylamine (2.10 mL, 15.1 mmol) in tetrahydrofuran (50.0 mL) and ethyl acetate (50.0 mL), benzoyl chloride (1.50 mL, 
12.9 mmol) was added dropwise at 0 °C. The reaction solution was stirred at room temperature for 4 hours, and then 
the solvent was distilled off. The resultant residue was combined with water, and the organic material was extracted 
35 with ethyl acetate. The extract was washed with brine, dried over magnesium sulfate, and then the solvent was distilled 
off under reduced pressure. The resultant residue was recrystallized from ethyl acetate-isopropyl ether to obtain the 
title compound (1.94 g, yield: 45%). 
Melting point: 141-142 °C 

1 H NMR (CDCI3) 5 1.24 (3H, d, J = 6.6 Hz), 1.50 (6H, s), 2.76 (1H, dd, J = 13.4, 7.0 Hz), 2.88 (1H, dd, J = 13.8, 5.6 
40 Hz), 3.00 (2H, s), 3.80 (3H, s), 4.34-4.48 (1 H, m), 5.93 (1 H, br), 6.58 (1 H, s), 6.63 (1 H, s), 7.37-7.53 (3H, m), 7.71 (2H, 
dd, J = 8.6, 2.0 Hz). 

REFERENCE EXAMPLE 105 

45 N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-1-methylethyl]-4-pyridinecarboxamide 

[0674] The title compound was obtained from 2,3-dihydro-7-methoxy-a,2,2-trimethyl-5-benzofuranethanamine and 
isonicotinoyl chloride hydrochloride by the method similar to that in Reference Example 97. Yield: 75%. 
Melting point 159-160 °C (ethyl acetate-diisopropyl ether) 
50 1H NMR (CDCI3) 5 1.26 (3H, d, J = 6.6 Hz), 1.51 (6H, s), 2.71-2.93 (2H, m), 3.00 (2H, s), 3.82 (3H, s), 4.34-4.47 (1H, 
m), 6.00 (1 H, br d, J = 8.4 Hz), 6.56 (1 H, s), 6.61 (1 H, s), 7.52-7.55 (2H, m), 8.71 -8.74 (2H, m). 

REFERENCE EXAMPLE 106 

55 2-(Benzoylamino)-3-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-propenoic acid methyl ester 

[0675] A suspension of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofurancarboxaldehyde (12.8 g, 62.1 mmol), hip- 
puric acid (12.2 g, 68.1 mmol) and sodium acetate (5.60 g, 68.3 mmol) in acetic anhydride (65 mL) was stirred at 100 
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°C for 1 .5 hours. The reaction mixture was cooled to room temperature, combined with diethyl ether, and crystals were 
recovered by filtration to obtain a mixture (16.9 g) containing 4-[(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl) 
methylene]-2-phenyI-5(4H)-oxazolone. The mother liquor was concentrated again, and crystals were washed with di- 
isopropyl ether to obtain the same mixture (3.72 g). These were suspended in methanol (100 mL). Sodium carbonate 
5 (0.20 g, 1 .9 mmol) was added to the suspension and the mixture heated under reflux for 3 hours. The reaction mixture 
was concentrated under reduced pressure and the residue was partitioned between ethyl acetate and water. The 
aqueous layer was separated, the organic layer was washed and concentrated under reduced pressure. The residue 
was crystallized from methanol-diisopropyl ether to obtain the title compound (10.5 g, yield: 44%). 
Melting point: 184-1 86 °C 

10 iH NMR (CDCI 3 ) 6 1.50 (6H, s), 2.99 (2H, s), 3.66 (3H, s), 3.85 (3H, s), 7.00 (2H, s), 7.43-7.64 (4H, m), 7.67 (1H, br 
s), 7.86-7.95 (2H, m). 

REFERENCE EXAMPLE 107 

*s a-(Benzoylamino)-2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranpropanoic acid methyl ester 

[0676] To a solution of 2-(benzoylamino)-3-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-propenoic acid 
methyl ester (11.5 g, 30.2 mmol) in tetrahydrofuran (100 mL), 10% palladium on carbon (50% hydrate) (1.2 g) was 
added, and the mixture was stirred at 50 °C for 4 hours under hydrogen atmosphere. The catalyst was filtered off and 
20 filtrate was concentrated under reduced pressure. The resultant crystals were washed with diisopropyl ether to obtain 
the title compound (10.1 g, yield: 87%). 
Melting point: 160-162 °C 

1 H NMR (CDCI3) 5 1 .50 (6H, s), 2.98 (2H, s), 3.15 (1H, dd, J = 13.9, 5.1 Hz), 3.23 (1 H, dd, J = 13.9, 5.9 Hz), 3.75 (3H, 
s), 3.78 (3H, s), 5.04 (1 H, dt, J = 7.5, 5.5 Hz), 6.48 (1 H, s), 6.53 (1H, s), 6.59 (1 H, br d, J = 7.5 Hz), 7.36-7.57 (3H, m), 
25 7.71-7.79 (2H, m). 

REFERENCE EXAMPLE 108 

2-Amino-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolane-2-yl)benzoic acid methyl ester 

30 

[0677] To a solution of methyl 5-iodoanthranilate (2.87 g, 10.0 mmol) and triethylamine (4.2 mL, 30 mmol) in 1 ,4-di- 
oxane (20 mL), [1 ,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (II) dichloromethane complex (82 mg, 0.10 
mmol) was added and 4,4,5, 5-tetramethyl-1 ,3,2-dioxaborolane (3.7 mL, 25 mmol) was added dropwise. The resultant 
mixture was stirred at 80 °C for 14 hours under nitrogen atmosphere. The reaction mixture was combined with water, 
35 and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, filtered through 
a silica gel (eluting with ethyl acetate), and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a silica gel (hexane/ethyl acetate, 5:1), and recrystallized from ethyl acetate-hexane to 
obtain the title compound (1 .45 g, yield: 52%). 
Melting point: 110-112 °C 

40 1H NMR (CDCI3) 8 1 .33 (12H, s), 3.86 (3H, s), 5.96 (2H, br s), 6.63 (1 H, d, J = 8.3 Hz), 7.67 (1 H, dd, J = 8.3, 1 .5 Hz), 
8.33 (1H,d, J = 1.5 Hz). 

REFERENCE EXAMPLE 109 

45 4-(4,4,5,5-Tetramethyl-1 ,3,2-dioxaborolane-2-yl)benzoic acid ethyl ester 

[0678] To a solution of ethyl 4-iodobenzoate (2.76 g, 1 0.0 mmol) and triethylamine (4.2 mL, 30 mmol) in 1 ,4-dioxane 
(20 mL). [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(ll) dichloromethane complex (82 mg, 0.10 mmol) 
was added, and 4,4,5,5-tetramethyl-1 ,3,2-dioxaborolane (3.2 mL, 22 mmol) was added dropwise. The resultant mixture 

50 was stirred at 80 °C for 14 hours under nitrogen atmosphere, and at 100 °C for 3 hours. The reaction mixture was 
combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed with water and 
brine, dried through sodium sulfate-silica gel (eluting with ethyl acetate), and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 20:1) to obtain the title 
compound (2.26 g, yield: 82%). 

55 An oil. 

1 H NMR (CDCI3) 5 1.36 (12H, s), 1.40 (3H, t, J = 7.1 Hz), 4.39 (2H, q, J = 7.1 Hz), 7.86 (2H, d, J = 8.4 Hz), 8.03 (2H, 
d, J =8.4 Hz). 
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REFERENCE EXAMPLE 110 

p-(Ben2oylamino)-2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranpropanol 

5 [0679] To a suspension of a-(benzoylamino)-2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranpropanoic acid me- 
thyl ester (3.84 g, 10.0 mmol) in tetrahydrofuran (30 mL), sodium borohydride (90%) (1.26 g, 30 mmol) was added. 
Methanol (5 mL) was added dropwise to the resultant mixture while heating under reflux over 30 minutes, and then 
the mixture was heated under reflux for 5 minutes. The reaction mixture was allowed to cool, combined with water, 
and extracted twice with ethyl acetate. The combined organic layer was washed twice with water and concentrated 

10 under reduced pressure. The residue was recrystallized from methanol-diisopropyl ether to obtain the title compound 
(2.65 g, yield: 75%). 
Melting point: 155-158 °C 

1H NMR (CDCI 3 ) 5 1 .50 (6H, s), 2.91 (2H, d, J = 7.2 Hz), 3.00 (2H. s), 3.66-3.87 (2H, m), 3.82 (3H, s), 4.20-4.38 (1H, 
m), 6.37-6.48 (1H, m), 6.63 (1H, s), 6.67 (1H, s), 7.35-7.55 (3H, m), 7.65-7.73 (2H, m). 

15 

REFERENCE EXAMPLE 111 

2- (Benzoylamino)-3-(2 ( 3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)propyl acetate 

20 [0680] To a suspension of p-(Benzoylamino)-2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranpropanol (3.13 g, 
8.81 mmol) and 4-(dimethylamino)pyridine (108 mg, 0.884 mmol) in tetrahydrofuran (30 mL), triethylamine (1 .84 mL, 
13.2 mmol) and acetic anhydride (1.16 mL, 12.3 mmol) was added dropwise, and the mixture was stirred at room 
temperature for 20 minutes. The reaction mixture was combined with water and extracted twice with ethyl acetate. The 
combined organic layer was washed twice with water and concentrated under reduced pressure. The residue was 

25 recrystallized from methanol-diisopropyl ether to obtain the title compound (3.26 g, yield: 93%). 
Melting point: 141-142 °C 

1H NMR (CDCI3) 5 1.50 (6H, s), 2.11 (3H, s), 2.79 (1H, dd, J = 13.7, 8.3 Hz), 2.93-3.05 (1H, m), 3.00 (2H, s), 3.82 (3H, 
s), 4.15 (1 H, dd, J = 11 .4, 4.1 Hz), 4.28 (1 H, dd, J = 1 1 .4, 6.2 Hz), 4.47-4.64 (1 H, m), 6.43 (1 H, br d, J = 8.4 Hz), 6.61 
(1H, s), 6.64 (1H, s), 7.38-7.57 (3H, m), 7.70-7.78 (2H, m). 

30 

REFERENCE EXAMPLE 112 

N-[3'-(1 ,2,3,4,8,9-Hexahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)[1 ,1 '-biphenyl]-3-yl]acetamide 

35 [0681] The title compound was obtained from N-IS'-JS^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hliso- 
quinolin-1 -yl)[1 ,1 '-biphenyl]-3-yl]acetamide by the method similar to that in Reference Example 1 0. Yield: 84%. 
Melting point: 162-165 °C (ethyl acetate-hexane) 

1H NMR (CDCI3) 6 1.18 (3H, s), 1.21 (3H, s), 1 .25 (3H, s), 1.34 (3H, s), 1.85 (1H, d, J = 15.8 Hz), 2.20 (3H, s), 2.47 
(1H, d, J = 15.8 Hz), 2.56 (1H, d, J = 15.4 Hz), 2.83 (1H, d, J = 15.4 Hz), 3.87 (3H, s), 5.00 (1H, s), 6.50 (1H, s), 
40 7.15-7.66 (9H,m). 

REFERENCE EXAMPLE 113 

3- Cyano-N-(3,5-dichloro-4-pyridinyl)benzamide 

45 

[0682] A mixture of 3-cyanobenzoic acid (2.71 g, 18.4 mmol) and thionyl chloride (10 mL) was heated under reflux 
for 1.5 hours. The reaction solution was concentrated under reduced pressure, and the residue was combined with 
toluene and concentrated under reduced pressure again. A suspension of 4-amino-3,5-dichloropyridine (2.50 g, 15.3 
mmol) in tetrahydrofuran (30 mL) was cooled with ice. Then sodium hydride (66% suspension in oil) (1 .34 g, 36.7 

50 mmol) followed by the concentrated residue prepared previously were added to the suspension. The mixture was 
stirred at room temperature for 2 hours, poured into ice water, and then extracted with ethyl acetate. The extract was 
washed with water and concentrated under reduced pressure. The residue was recrystallized from ethyl acetate-hexane 
to obtain the title compound (0.45 g, yield: 11%). The mother liquor was concentrated, the residue was subjected to a 
column chromatography on a basic silica gel (ethyl acetate/methanol, 19:1), and then recrystallized from ethyl acetate- 

55 hexane to obtain the additional title compound (0.66 g, yield: 15%). Melting point: 242-244 °C 

1 H NMR (CDCI 3 +DMSO-d 6 ) 5 7.65 (1H, t, J = 8.0 Hz), 7.87 (1H, dd, J = 1.4, 8.0 Hz), 8.34 (1H, dd, J = 1.4, 8.0 Hz), 
8.49 (1H, s), 8.58 (2H, s), 10.24 (1H, br s). 
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REFERENCE EXAMPLE 114 

3-Cyano-N-(3,5-dichloro-1-oxido-4-pyridinyl)benzamide 

5 [0683] A suspension of 3-cyano-N-(3,5-dichloro-4-pyridinyl)benzamide (1 .06 g, 3.78 mmol) and m-chloroperbenzoic 
acid (70%) (2.80 g, 11 .3 mmol) in ethyl acetate (20 mL) was stirred at 50 °C for 15 hours under nitrogen atmosphere. 
The reaction mixture was combined with water and an aqueous solution of sodium thiosulfate, and extracted with ethyl 
acetate. The extract was washed with water and then concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a silica gel (ethyl acetate/methanol, 49:1 to 23:2) and recrystallizedfrom ethyl acetate- 

10 hexane to obtain the title compound (0.88 g, yield: 79%). 
Melting point: 234-235 °C 

1 H NMR (CDCI 3 +DMSO-d 6 ) 6 7.65 (1H, t, J = 8.0 Hz), 7.87 (1H, d, J = 8.0 Hz), 8.26 (2H, s), 8.32 (1 H, d, J = 8.0 Hz), 
8.47 (1H,s), 10.16 (1H, brs). 

is REFERENCE EXAMPLE 115 

1-(7-Ethoxy-2,3-dihydro-2,2-dimethyl-5-benzofuranyl)-2-methyl-1-propanol 

[0684] A solution of 7-ethoxy-2,3-dihydro-2,2-dimethyl-5-benzofurancarboxaldehyde (30.0 g, 0.136 mol) in tetrahy- 
20 drofuran (50 mL) was cooled with ice, to this a suspension of the Grignard reagent prepared from 2-bromopropane 

(25.1 g, 0.204 mol) and magnesium (4.97 g, 0.204 mol) in tetrahydrofuran (50 mL) was added, and the mixture was 

stirred at room temperature for 1 hour. The reaction solution was poured into ice water and extracted with ethyl acetate. 

The extract was washed with water and concentrated under reduced pressure. The residue was crystallized from ethyl 

acetate-hexane to obtain the title compound (29.8 g, yield: 83%). 
25 Melting point: 100-101 °C 

1 H NMR (CDCI 3 ) 5 0.77 (3H, d, J = 6.6 Hz), 1 .02 (3H, d, J = 6.6 Hz), 1 .42 (3H, t, J = 7.0 Hz), 1 .51 (6H, s), 1 .77 (1 H, 

d, J = 6.6 Hz), 1 .80-1 .99 (1 H, m), 3.00 (2H, s), 4.12 (2H, q, J = 7.0 Hz), 4.21 (1H, dd, J = 2.8 Hz, 7.2 Hz), 6.70 (2H, s). 

REFERENCE EXAMPLE 116 

30 

1 - Ethoxy-2-(2-methyl-2-propenyloxy)benzene 

[0685] A suspension of 2-ethoxyphenol (5.00 g, 36.2 mmol), 3-chloro-2-methyl-1-propene (3.93 mL, 39.8 mmol), 
potassium carbonate (5.75 g, 41.6 mmol) and potassium iodide (0.60 g, 3.62 mmol) in N,N-dimethylformamide (25 
35 mL) was stirred at 90 °C for 1 .5 hours under nitrogen atmosphere. The reaction mixture was allowed to cool to room 
temperature, combined with water, and then extracted with ethyl acetate. The extract was washed with 1 M aqueous 
solution of sodium hydroxide and water, and then concentrated under reduced pressure to obtain the title compound 
(5.90 g, yield: 85%). 
An oil. 

40 1H NMR (CDCI3) 5 1.44 (3H, t, J = 6.9 Hz), 1 .84 (3H, s), 4.09 (2H, q, J = 6.9 Hz), 4.50 (2H, s), 4.97 (1H, s), 5.10 (1H, 
s), 6.88-6.91 (4H, m). 

REFERENCE EXAMPLE 117 

45 2-Ethoxy-6-(2-methyl-2-propenyl)phenol 

[0686] A solution of 1-ethoxy-2-(2-methyl-2-propenyloxy)benzene (5.80 g, 30.2 mmol) in N.N-diethylaniline (12 mL) 
was stirred at 205 °C for 3.5 hours under nitrogen atmosphere. The reaction mixture was allowed to cool to room 
temperature, cooled with ice, combined with 2 M hydrochloric acid (39 mL), and then extracted with ethyl acetate. The 
so extract was washed with water and then concentrated under reduced pressure to obtain the title compound (5.60 g, 
yield: 97%). 
An oil. 

1 H NMR (CDCI3) 5 1.44 (3H, t, J = 7.0 Hz), 1.75 (3H, s), 3.36 (2H, s), 4.10 (2H, q, J = 7.0 Hz), 4.69 (1H, s), 4.80 (1H, 
s), 6.65-6.79 (3H, m). 

55 
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REFERENCE EXAMPLE 118 
7-Ethoxy-2,3-dihydro-2,2-dimethyibenzofuran 

5 [0687] To a solution of 2-ethoxy-6-(2-methyl-2-propenyl)phenol (5.50 g, 28.6 mmol) in toluene (30 mL), boron triflu- 
oride diethyl ether complex (3.99 mL, 31 .5 mmol) was added, and the mixture was stirred at 1 00 °C for 1 .5 hours under 
nitrogen atmosphere. The reaction solution was allowed to cool to room temperature, combined with 1 M aqueous 
solution of sodium hydroxide (30 mL), and then extracted with hexane. The extract was washed with 1 M aqueous 
solution of sodium hydroxide and water, and then concentrated under reduced pressure. The residue was subjected 

10 to a column chromatography on a silica gel to obtain the title compound (2.90 g, yield: 53%). 
An oil. 

1H NMR (CDCI 3 ) 5 1 .43 (3H, t, J = 7.0 Hz), 1 .51 (6H, s), 3.02 (2H, s), 4.12 (2H, q, J = 7.0 Hz), 6.71 -6.78 (3H, m). 
REFERENCE EXAMPLE 119 

15 

5-Bromo-7-ethoxy-2,3-dihydro-2,2-dimethylbenzofuran 

[0688] A solution of 7-ethoxy-2,3-dihydro-2,2-dimethylbenzofuran (1 0.0 g, 52.0 mmol) in toluene (50 mL) was cooled 
to -40 °C, and bromine (8.72 g, 54.6 mmol) was added dropwise. The reaction solution was stirred at the same tem- 
20 perature for 20 minutes, combined with an aqueous solution of sodium thiosulfate, and then extracted with hexane. 
The extract was washed with water and then concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a silica gel (hexane/ethyl acetate, 19:1) to obtain the title compound (13.6 g, yield: 96%). 
Melting point: 55-58 °C (pentane) 

1H NMR (CDCI3) 5 1.43 (3H, t, J = 7.0 Hz), 1.50 (6H, s), 3.00 (2H, s), 4.09 (2H, q, J = 7.0 Hz), 6.83-6.85 (1H, m), 
25 6.86-6.88 (1H, m). 

REFERENCE EXAMPLE 120 

7-Ethoxy-2,3-dihydro-2,2-dimethyl-5-(2-methyl-2-propenyl)benzofuran 

30 

[0689] A solution of 5-bromo-7-ethoxy-2,3-dihydro-2,2-dimethylbenzofuran (3.60 g, 13.3 mmol) in tetrahydrofuran 
(30 mL) was cooled to -78 °C, a 1 .57 M solution of n-butyllithium in hexane (9.30 mL, 1 4.6 mmol) was added dropwise, 
and the mixture was stirred at the same temperature for 15 minutes. To this copper (I) iodide (1 .39 g, 7.32 mmol) was 
added, and the mixture was stirred under ice cooling for 15 minutes. After cooling the mixture to -40 °C, 3-chloro- 
35 2-methyl-1-propene (1 .44 mL, 14.6 mmol) was added dropwise, and the mixture was stirred under ice cooling for 15 
minutes. The reaction mixture was combined with water and extracted with ethyl acetate. The extract was washed with 
water and then concentrated under reduced pressure. The residue was subjected to a column chromatography on a 
silica gel (hexane/ethyl acetate, 19:1) to obtain the title compound (2.34 g, yield: 71%). 
An oil. 

40 1H NMR (CDCI3) 6 1.41 (3H, t, J = 7.0 Hz), 1.50 (6H, s), 1.68 (3H, s), 2.99 (2H, s), 3.22 (2H, s), 4.11 (2H, q, J = 7.0 
Hz), 4.73 (1H, s), 4.78 (1H, s), 6.56 (1H, s), 6.58 (1H, s). 

REFERENCE EXAMPLE 121 

45 3-Cyano-N-methylbenzenesulfonamide 

[0690] To a suspension of methylamine hydrochloride (1 .67 g, 24.8 mmol) in pyridine (6 mL), 3-cyanobenzenesulfonyl 
chloride (5.00 g, 24.8 mmol) was added with cooling in ice, and the mixture was stirred at room temperature for 3 hours. 
The reaction mixture was poured into ice water, acidified with 1 M hydrochloric acid, and extracted twice with ethyl 
50 acetate. The combined organic layer was washed with 1 M hydrochloric acid, water and brine, dried over magnesium 
sulfate, and concentrated under reduced pressure to obtain the title compound (4.49 g, yield: 92%) as crystals. 
1 H NMR (CDCI3) 5 2.73 (3H, d, J = 5.4 Hz), 4.51 (1H, br), 7.69 (1H, t, J = 7.8 Hz), 7.88 (1H, dt, J = 7.8, 1.5 Hz), 8.00 
(1 H, dt, J = 7.8, 1 .5 Hz), 8.1 7 (1 H, t, J = 1 .5 Hz). 

55 
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REFERENCE 122 

N-[3-[[(3-Cyanobenzene)sulfonyl]amino]phenyl]acetamide 

5 [0691] To a solution of 3'-aminoacetanilide (745 mg, 4.96 mmol) in tetrahydrofuran (10 mL), triethylamine (0.76 mL, 
5.46 mmol) and 3-cyanobenzenesulfonyl chloride (1 .00 g, 4.96 mmol) were added, and the mixture was stirred at room 
temperature for 3 hours. Water was poured into the reaction mixture, which was then extracted twice with ethyl acetate. 
The combined organic layer was washed with brine, dried over magnesium sulfate, filtered, and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 1:1 

10 followed by 1 :2) to obtain the title compound (1 .39 g, yield: 89%) as crystals. 

1 H NMR (CDC! 3 ) 5 2.23 (3H, s), 6.97-7.03 (2H, m), 7.21 (1H, d, J = 8.2 Hz), 7.51-7.64 (2H, m), 7.73-7.81 (2H, m), 
7.96-8.1 0(2H, m). 

REFERENCE EXAMPLE 123 

15 

2- [[(3-Cyanobenzene)sulfonyl]amino]acetamide 

[0692] To a solution of 3-cyanobenzensulfonyl chloride (538 mg, 2.67 mmol) in pyridine (3 mL), glycinamide hydro- 
chloride (301 mg, 2.67 mmol) was added, and the mixture was stirred at room temperature for 1 hour, at 60 °C for 2 
20 hours, and at 90 °C for 4 hours. Water was poured into the reaction mixture, which was then extracted twice with ethyl 
acetate. The combined organic layer was washed with 1 M hydrochloric acid and brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure to obtain the title compound (180 mg, yield: 28%) as crystals. 
1 H NMR (CDCI 3 ) 5 3.57 (2H, d, J = 5.7 Hz), 6.25 (1H, brs), 7.00 (1H, br s), 7.68 (1H, t, J = 7.8 Hz), 7.76 (1H, t, J = 
5.7 Hz), 7.87 (1 H, dd, J = 7.8, 1 .4 Hz), 8.12(1 H, dd, J = 7.8, 1 .4 Hz), 8.14 (1 H, t, J = 1 .4 Hz). 

25 

REFERENCE EXAMPLE 124 

3- Cyano-N-(hexahydro-2-oxo-1H-azepin-3-yl)benzenesulfonamide 

30 [0693] To a solution of 3-aminohexahydro-2H-azepin-2-one (305 mg, 2.38 mmol) in tetrahydrofuran (3 mL), 1 M 
aqueous solution of sodium hydroxide (2 mL) and 3-cyanobenzenesulfonyl chloride (400 mg, 1 .98 mmol) was added, 
and the mixture was stirred at room temperature for 3 hours. Diisopropyl ether was poured into the reaction mixture, 
and precipitated crystals were filtered off and washed with water and diisopropyl ether to obtain the title compound 
(360 mg, yield: 62%) as crystals. 

35 1H NMR (CDCI3) 5 1.34-1.90 (4H, m), 2.02-2.16 (2H, m), 3.11-3.25 (2H, m), 3.87-3.92 (1H, m), 5.99 (1H, br s), 6.25 
(1 H, br s), 7.65 (1 H, dd, J = 8.4, 7.8 Hz), 7.84 (1 H, ddd, J = 7.8, 1 .6, 1 .4 Hz), 8.04 (1 H, ddd, J = 8.4, 1 .6, 1 .4 Hz), 8.1 5 
(1H,dd, J = 1.6, 1.4 Hz). 

REFERENCE EXAMPLE 125 

40 

2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranacetonitrile 

[0694] Potassium tert-butoxide (11.8 g, 105 mmol) was suspended in dimethoxyethane (75 mL), cooled at a tem- 
perature not higher than -70 °C. Then toluenesulfonylmethyl isocyanide (10.2 g f 52.5 mmol) was added to the mixture 

45 and the mixture was stirred at a temperature not higher than -70 °C for 30 minutes. A solution of 2,3-dthydro-7-methoxy- 
2,2-dimethyl-5-benzofurancarboxaldehyde (10.4 g, 50 mmol) in dimethoxyethane (25 mL) was added dropwise to the 
reaction mixture for 1 0 minutes. After stirring at a temperature not higher than -70 °C for 30 minutes, the mixture was 
combined with methanol (75 mL), allowed to warm to room temperature, and heated under reflux further for 2 hours. 
The reaction solution was concentrated under reduced pressure, and iced water was poured into the residue, which 

so was then extracted twice with ethyl acetate. The extract was washed with brine, dried over magnesium sulfate, filtered, 
and concentrated under reduced pressure. Diethyl ether was poured into the residue, and precipitated crystals were 
recovered by filtration, washed with diethyl ether, and dried to obtain the title compound (6.85 g, yield: 63%). 
1H NMR (CDCI3) 8 1 .51 (6H, s), 3.03 (2H, s), 3.67 (2H, s), 3.87 (3H, s), 6.66 (1 H, s), 6.74 (1 H, s). 

55 
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REFERENCE EXAMPLE 126 

2-(2 l 3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyipropanenitrile 

5 [0695] A 60% sodium hydride in oil (2.92 g, 73 mmol) was suspended in N,N-dimethylformamide (75 ml_), and 2,3-di- 
hydro-7-methoxy-2,2-dimethyl-5-benzofuranacetonitrile (7.95 g, 36.5 mmol) was added thereto in portions with cooling 
in ice. The mixture was stirred at room temperature for 30 minutes, and iodomethane (13 g, 92 mmol) was added 
dropwise with cooling in ice again over 5 minutes. After stirring at room temperature for 3 hours, the reaction mixture 
was poured into ice water, and extracted twice with ethyl acetate. The extract was washed with brine, dried over mag- 

io nesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a silica gel eluting with hexane/ethyl acetate (5:1 ), and the desired fraction was collected and concentrated 
to obtain the title compound (8.6 g, yield 96%). 
An oil. 

1 H NMR (CDCI 3 ) 5 1.52 (6H, s), 1 .71 (6H, s), 3.04 (2H, s), 3.90 (3H, s), 6.82 (1H, s), 6.87 (1H, s). 

15 

REFERENCE EXAMPLE 127 

2- (2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropanamide 

20 [0696] 2-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropanenitrile (8.6 g, 35 mmol) was dis- 
solved in methanol (1 05 mL). 1 M aqueous solution of sodium hydroxide (52 mL) and 30% aqueous solution of hydrogen 
peroxide (7.94 mL) were added to the mixture and the mixture was stirred at room temperature for 1 8 hours. Methanol 
was distilled off under reduced pressure, and the residue was extracted twice with ethyl acetate. The extract was 
washed with brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was 

25 combined with diethyl ether, and crystallized to obtain the title compound (7.73 g, yield: 84%). Melting point: 112-113 °C 
1 H NMR (CDCI3) 5 1 .51 (6H, s), 1 .56 (6H, s), 3.03 (2H, s), 3.87 (3H ( s), 5.30 (1 H, br), 5.45 (1 H, br), 6.73 (1 H, s), 6.81 
(1H,s). 

REFERENCE EXAMPLE 128 

30 

N-[2-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropyl]benzamide 

[0697] To a suspension of lithium aluminum hydride (0.285 g, 7.5 mmol) in tetrahydrofuran (15 mL), 2-(2,3-dihydro- 
7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropanamide (0.791 g, 3 mmol) was added in nitrogen flow. After 

35 stirring at room temperature for 30 minutes, the mixture was heated under reflux further for 1 hour. The mixture was 
combined with ethyl acetate (15 mL) with cooling in ice stirred for 30 minutes, and combined with ice water (15 mL), 
the insolubles were removed using Celite, and the filtrate was extracted twice with ethyl acetate. The extract was 
washed with brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was 
dissolved in tetrahydrofuran (1 0 mL). Pyridine (0.73 mL, 9 mmol) and benzoyl chloride (0.53 mL, 4.5 mmol) were added 

40 to the mixture and the mixture was stirred at room temperature for 1 5 hours. The reaction solution was combined with 
ethyl acetate (20 mL), washed with water and an aqueous solution of sodium chloride, dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica 
gel eluting with hexane/ethyl acetate (3:1), and the desired fraction was collected and concentrated to obtain the title 
compound (0.572 g, yield: 53%), which was then recrystallized from diethyl ether/hexane (1:1). 

45 Melting point: 109-110 °C 

1 H NMR (CDCI3) 6 1 .38 (6H, s), 1 .53 (6H, s), 3.04 (2H, s), 3.61 (2H, d, J = 6 Hz), 3.88 (3H, s), 5.80 (1 H, br), 6.76 (1 H, 
s), 6.81 (1H,s), 7.3-7.7 (5H,m). 

REFERENCE EXAMPLE 129 

50 

3- Cyano-N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropyl]benzamide 

[0698] To a suspension of lithium aluminum (0.475 g, 12.5 mmol) in tetrahydrofuran (33 mL), 2-(2,3-dihydro-7-meth- 
oxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropanamide (1.32 g, 5 mmol) was added in nitrogen flow. After stirring at 
55 room temperature for 30 minutes, the mixture was heated under reflux further for 1 hour. The mixture was combined 
with ethyl acetate (25 mL) with cooling in ice, stirred for 30 minutes, combined with ice water (15 mL), the insolubles 
were removed using Celite, and the filtrate was extracted twice with ethyl acetate. The extract was washed with an 
aqueous solution of sodium chloride, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. 
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The residue was dissolved in tetrahydrofuran (1 0 mL), added to a solution of activated ester which had been prepared 
by stirring 3-cyanobenzoic acid (0.883 g, 6 mmol) and N.N'-carbonyldiimidazole (0.892 g, 5.5 mmol) at room temper- 
ature for 30 minutes, and stirred at room temperature for 15 hours. The reaction solution was combined with ethyl 
acetate (33 mL), washed with water and an aqueous solution of sodium chloride, dried over magnesium sulfate, filtered, 
5 and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel 
elutingwithhexane/ethyl acetate (2:1), and the desired fraction was collected and concentrated under reduced pressure 
to obtain the title compound (0.955 g, yield: 50%). 
An oil. 

1 H NMR (CDCI 3 ) 8 1 .39 (6H, s), 1 .52 (6H, s), 3.06 (2H, s), 3.62 (2H, d, J = 6 Hz), 3.88 (3H, s), 5.80 (1 H, br), 6.75 (1 H, 
10 s), 6.81 (1 H, s), 7.4-8.0 (4H, m). 

REFERENCE EXAMPLE 130 

[[2-(2,3-Dihydro-7-methoxy-2,2-dimethyl-1 -benzofuran-5-yl)-2-methylpropyl]amino]oxoacetic acid ether ester 

15 

[0699] To a suspension of lithium aluminum hydride (0.285 g, 7.5 mmol) in tetrahydrofuran (20 mL), 2-(2,3-dihydro- 
7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropanamide (0.791 g, 3 mmol) was added in nitrogen flow. After 
stirring at room temperature for 30 minutes, the mixture was heated under reflux further for 1 hour. The mixture was 
combined with ethyl acetate (15 mL) with cooling in ice, stirred for 30 minutes, combined with ice water (15 mL), the 

20 insolubles were removed using Celite, and the filtrate was extracted twice with ethyl acetate. The extract was washed 
with an aqueous solution of sodium chloride, dried over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The residue was dissolved in tetrahydrofuran (10 mL). Pyridine (0.73 mL, 9 mmol) and ethyl chloroglyoxylate 
(0.615 g, 4.5 mmol) were added to the mixture and the mixture was stirred at room temperature for 15 hours. The 
reaction solution was combined with ethyl acetate (20 mL), washed with water and an aqueous solution of sodium 

25 chloride, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a silica gel eluting with hexane/ethyl acetate (2:1), and the desired fraction was col- 
lected and concentrated to obtain the title compound (0.51 g, yield: 49%). 
An oil. 

*H NMR (CDCI3) 8 1 .26 (3H, t, J = 7 Hz), 1 .34 (6H, s), 1 .52 (6H, s), 3.03 (2H, s), 3.48 (2H, d, J = 6 Hz), 3.88 (3H, s), 
30 4.13 (2H, q, J = 7 Hz), 6.69 (1H, s), 6.74 (1H, s), 6.92 (1H, br). 

REFERENCE EXAMPLE 131 

3-Bromo-N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropyl]benzamide 

35 

[0700] To a solution of 2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropanamide (1 .00 g, 3.80 
mmol) in tetrahydrofuran (10 mL), lithium aluminum hydride (80%) (0.36 g, 7.6 mmol) was added with cooling in ice, 
and the mixture was heated under reflux for 1 hour. The reaction mixture was cooled with ice, Hyflo Super-Cell (trade 
name) (1 .5 g) was added thereto, ethyl acetate (1 mL) and water (0.5 mL) were added dropwise thereto slowly, and 
40 ethyl acetate was added to suspend, and the mixture was filtered and concentrated under reduced pressure to obtain 
2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropanamine. 

[0701] This was dissolved in tetrahydrofuran (8 mL) and triethylamine (0.64 mL, 4.6 mmol) was added to the mixture. 
The resultant mixture was cooled with ice, 3-bromobenzoyl chloride (0.55 mL, 4.2 mmol) was added dropwise thereto, 
and the mixture was stirred at the same temperature for 10 minutes. The reaction mixture was combined with water 
45 and extracted twice with chloroform. The combined organic layer was washed with brine, dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The residue was crystallized from chloroform-diisopropyl ether to 
obtain the title compound (1 .41 g, yield: 86%). 
Melting point: 157-163 °C 

1 H NMR (CDCI3) 8 1.38 (6H, s), 1.53 (6H, s), 3.06 (2H, s), 3.58 (2H, d, J = 5.8 Hz), 3.89 (3H, s), 5.65-5.80 (1H, m), 
50 6.76 (1 H, s), 6.80 (1 H, s), 7.21 -7.31 (1 H, m), 7.51 (1 H, dt, J = 7.8, 2.5 Hz), 7.59 (1 H, ddd, J = 7.8, 2.0, 1 .1 Hz), 7.73 
(1H, t, J = 1.8 Hz). 

REFERENCE EXAMPLE 132 

55 (4-lodophenyl)carbamic acid phenylmethyl ester 

[0702] To a solution of 4-iodoaniline (4.38 g, 20.0 mmol) in tetrahydrofuran, a solution of sodium carbonate (2.65 g, 
25.0 mmol) in water (15 mL) was added, benzyl chloroformate (3.1 mL, 22 mmol) was added dropwise with cooling in 
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ice, and the mixture was stirred at the same temperature for 1 5 minutes. The reaction mixture was combined with water 
and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over 
magnesium sulfate, treated with activated charcoal, filtered, and concentrated under reduced pressure. The residue 
was recrystallized from diisopropyl ether to obtain the title compound (4.71 g, yield: 67%). 
5 Melting point: 132-134 °C 

1H NMR (CDCI 3 ) 5 5.20 (2H, s), 6.64 (1H, br s), 7.18 (2H, d, J = 8.8 Hz), 7.33-7.45 (5H, m), 7.60 (2H, d, J = 8.8 Hz). 

REFERENCE EXAMPLE 133 

10 [4-(4,4,5,5-Tetramethyl-1 ,3,2-dioxaborolan-2-yl)phenyl]carbamic acid phenylmethyl ester 

[0703] To a solution of (4-iodophenyl)carbamic acid phenylmethyl ester (6.50 g, 1 8.4 mmol) and triethylamine (7.7 
mL, 55 mmol) in 1,4-dioxane (35 ml_), [1 .V-bisJdiphenylphosphinoJferroceneJdichloropalladiumfll) dichloromethane 
complex (1 50 mg, 0.1 84 mmol) was added, and 4,4,5,5-tetramethyl-1 ,3,2-dioxaborolane (5.9 mL, 41 mmol) was added 

*5 dropwise. The resultant mixture was stirred at 85 °C for 2.5 hours under nitrogen atmosphere. The reaction mixture 
was cooled with ice, combined with water, and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried through sodium sulfate-silica gel (eluting with ethyl acetate), and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 
10:1 followed by 4:1) to obtain the title compound (5.47 g, yield: 84%). 

20 An oil. 

1H NMR (CDCI3) 5 1.33 (12H, s), 5.20 (2H, s), 6.76 (1H, br s), 7.25-7.52 (7H, m), 7.75 (2H, d, J = 8.4 Hz). 
REFERENCE EXAMPLE 134 

25 N-[3'-(1 ^.S^.S.Q-Hexahydro-e-methoxy-S.S.S.e-tetramethylfuro^^-hlisoquinolin-l -yl)[1 ,1 '-biphenyl]-4-yl]acetamide 

[0704] The title compound was obtained from N-tS'-fS^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylf uro[2,3-h]iso- 
quinolin-1 -yl)[1 ,1'-biphenyl]-4-yl]acetamide by the method similar to that in Reference Example 10. Yield: 88%. 
Amorphous. 

30 1H NMR (CDCI 3 )5 1.19 (3H, s), 1.20 (3H, s), 1.25 (3H, s), 1.35 (3H, s), 1.85 (1H, d, J = 15.7 Hz), 2.19 (3H, s), 2.48 
(1H, d, J = 15.7 Hz), 2.57 (1H, d, J = 15.6 Hz), 2.83 (1 H, d, J = 15.6 Hz), 3.87 (3H, s), 5.00 (1H, s), 6.50 (1H, s), 7.17 
(1H, d, J = 7.4 Hz), 7.30-7.60 (8H, m). 

REFERENCE EXAMPLE 135 

35 

3X1,2,3,4,8,9-Hexahydro-6-methoxy-3,3,8,8-tetramet^^^ 

[0705] The title compound was obtained f rom 3'-(3,4.8, 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)[1,V-biphenyl]-4-amine by the method similar to that in Reference Example 10. Yield: 91%. 
40 Amorphous. 

1 H NMR (CDCI3) 5 1.18 (3H, s), 1.20 (3H, s), 1.25 (3H, s), 1.34 (3H, s), 1.87 (1H, d, J = 15.4 Hz), 2.43-2.60 (2H, m), 
2.82 (1H, d, J = 15.4 Hz), 3.72 (2H, brs), 3.87 (3H, s), 4.98 (1H, s), 6.49 (1H, s), 6.73 (2H, d, J = 8.4 Hz), 7.11 (1H, 
dt, J = 7.3, 1 .5 Hz), 7.25-7.47 (5H, m). 

45 REFERENCE EXAMPLE 1 36 

3-Cyano-N-methylbenzamide 

[0706] A solution of 3-cyanobenzoic acid (2.00 g, 13.6 mmol) in tetrahydrofuran (10 mL) was cooled with ice, N,N'- 
50 carbonyldiimidazole (2.42 g, 1 5.0 mmol) was added to this, and the mixture was stirred with cooling in ice for 30 minutes. 
40% Solution of methylamine/methanol (2 mL) was added to the mixture and the mixture was stirred further for 30 
minutes. The reaction solution was concentrated under reduced pressure, the residue was combined with water and 
extracted with ethyl acetate. The extract was washed with 1 M hydrochloric acid, 1 M aqueous solution of sodium 
hydroxide and water, and then concentrated under reduced pressure. The residue was crystallized from ethyl acetate- 
55 hexane to obtain the title compound (1 .66 g, yield: 76%). 
Melting point: 132-133 °C 

1H NMR (CDCI3) 5 3.04 (3H, d, J = 4,8 Hz), 6.33 (1 H, br s), 7.58 (1 H, t, J = 7.8 Hz), 7.78 (1 H, d, J = 7.8 Hz), 8.00-8.08 
(2H, m). 
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REFERENCE EXAMPLE 137 

2,3-Dihydro-6,7-dimethoxy-2 I 2-dimethyl-5-(2-methyl-1-propenyl)benzofuran 

5 [0707] 4-Hydroxy-2,3-dimethoxy-5-(2-methyl-2-propenyl)benzaldehyde was obtained from 4-hydroxy-2,3-dimeth- 
oxybenzaldehyde by the method similar to that in Reference Example 1 . This was converted to 2,3-dihydro-6,7-dimeth- 
oxy-2,2-dimethyl-5-benzofurancarboxaldehyde by the method similar to that in Reference Example 3 and converted 
to the title compound by the method similar to that in Reference Example 5. Yield: 48%. 
An oil. 

10 1H NMR (CDCI 3 ) 5 1 .50 (6H, s), 1 .79 (3H, d, J = 1.2 Hz), 1 .89 (3H, d, J = 1 .2 Hz), 2.97 (2H, s), 3.73 (3H, s), 3.93 (3H, 
s),6.22 (1H,s),6.69(1H,s). 

REFERENCE EXAMPLE 138 

15 1-(1, 2,3,4,8 ,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-2-yl)ethanone 

[0708] To a solution of 1 ^.S^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-phenylfurop.S-hlisoquinoline (503 
mg, 1 .49 mmol) in tetrahydrofuran (5 mL), triethylamine (0.23 mL, 1 .64 mmol) and acetyl chloride (0.12 mL, 1 .64 mmol) 
were added, and the mixture was stirred at room temperature for 1 hour. Ice water was poured into the reaction mixture, 
20 which was then extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over 
magnesium sulfate, filtered, and concentrated under reduced pressure. The precipitated crystals were recovered by 
filtration, and washed with diethyl ether to obtain the title compound (380 mg, yield: 67%). 
Melting point: 193-1 95 °C 

1 H NMR (CDCI3) 5 1 .25 (3H, s), 1 .59 (3H, s), 1 .61 (3H, s), 1 .72 (3H, s), 2.17 (1H, d, J = 14.6 Hz), 2.54 (1H, d, J = 14.6 
25 Hz), 2.27 (3H, s), 3.12 (2H, s) s 3.88 (3H, s), 5.81 (1H, brs), 6.56 (1H, s), 7.03 (5H, m). 

REFERENCE EXAMPLE 139 

PhenyKI^.SAS.g-tetrahydro-e-methoxy 

30 

[0709] To a solution of 1 ,2,3,4,8, g-tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-phenylfuro^.S-hJisoquinoline (420 
mg, 1 .24 mmol) in tetrahydrofuran (5 mL), triethylamine (0.1 9 mL, 1 .37 mmol) and acetyl chloride (0.16 mL, 1 .37 mmol) 
were added, and the mixture was stirred at room temperature for 3 hours. The reaction mixture was poured into ice 
water and extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over magnesium 
35 sulfate, filtered, and concentrated under reduced pressure. The precipitated crystals were recovered by filtration and 
washed with hexane to obtain the title compound (415 mg, yield: 76%). 
Melting point: 190-225 °C 

1 H NMR (CDCI3) 5 1 .42 (3H, s), 1 .50 (3H, s), 1 .57 (3H, s), 1 .75 (3H, s), 2.29 (1H. d, J = 14.5 Hz), 2.60 (1H, d, J = 14.5 
Hz), 2.71 (2H, s), 3.92 (3H, s), 5.85 (1H, s), 6.65 (1H, s), 7.07 (2H, d, J = 8.6 Hz), 7.23-7.27 (3H, m), 7.36 (5H, m). 

40 

EXAMPLE 1 

S^.S^-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-phenylfurop.S-hJisoquinoline 

45 [071 0] A solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl-1 -propenyl)benzof uran (2.09 g, 9.00 mmol) and 
benzonitrile (1 .24 g, 12.0 mmol) in acetic acid (3 mL) was treated dropwise with cone, sulfuric acid (1 .0 mL) at 1 0°C, 
and stirred at room temperature for 40 minutes. The reaction mixture was poured into ice water and washed with 
diisopropyl ether. The aqueous layer was neutralized with cone, aqueous ammonia and extracted twice with ethyl 
acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and con- 

50 centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hex- 
ane/ethyl acetate, 15:1 followed by 10:1), and crystallized from hexane to obtain the title compound (1 .55 g, yield: 51%). 
Melting point: 128-129 °C 

1H NMR (CDCI3) 8 1.25 (6H, s), 1.30 (6H, s), 2.19 (2H, s), 2.69 (2H, s), 3.92 (3H, s), 6.61 (1H, s), 7.38 (5H, s). 

55 
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3,43,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-(1-naphthyl)furo[2,3-h]isoquinoline 

5 [0711] The title compound was obtained using 1 -naphthonitrile by the method similar to that in Example 1 . Yield: 49%. 
Melting point: 162-164 °C (ethyl acetate-hexane) 

1 H NMR (CDCI 3 ) 8 0.92 (3H, s), 1 .1 7 (3H, s), 1 .28 (3H, s), 1 .29 (1 H, d, J = 1 6.3 Hz), 1 .46 (3H, s), 1 .91 (1 H, d, J = 1 6.3 
Hz), 2.78 (1H, d, J = 15.6 Hz), 2.90 (1H, d, J = 15.6 Hz), 3.93 (3H, s), 6.65 (1H, s), 7.30-7.55 (4H, m), 7.61-7.68 (1H, 
m), 7.81-7.91 (2H,m). 

10 

EXAMPLE 3 

4-(3,4,8,9-Tetrahydro-6-methoxy-3 ) 3,8 > 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenol 

J5 [071 2] The title compound was obtained using 4-cyanophenol by the method similar to that in Example 1 . Yield: 48%. 
Melting point: 236-239 °C (methanol-diisopropyl ether) 

1 H NMR (CDCI3) 5 1.29 (6H, s), 1.30 (6H, s), 2.26 (2H, s), 2.72 (2H, s), 3.92 (3H, 8), 6.50 (2H, d, J = 8.4 Hz), 6.60 
(1H,s), 7.05 (2H, d, J = 8.4 Hz). 

20 EXAMPLE 4 

3,4,8,9-Tetrahydro-6-methoxy-1 -(4-methoxyphenyl)-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 

[0713] The title compound was obtained using 4-methoxybenzonitrile by the method similar to that in Example 1 . 
25 Yield: 49%. 

Melting point: 151-152 °C (ethyl acetate-hexane) 

1 H NMR (CDCI3) 5 1.23 (6H, s), 1.33 (6H, s), 2.28 (2H, s), 2.67 (2H, s), 3.85 (3H, s), 3.92 (3H, s), 6.60 (1H, s), 6.91 
(2H, d, J = 8.8 Hz), 7.34 (2H, d, J = 8.8 Hz). 

30 EXAMPLE 5 

3 ) 4,8,9-Tetrahydro-6-methoxy-1-(2-methoxyphenyl)-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 

[0714] The title compound was obtained using 2-methoxybenzonitrile by the method similar to that in Example 1 . 
35 Yield: 51%. 

Melting point: 124-125 °C (ethyl acetate-hexane) 

1 H NMR (CDCI3) 51.13 (3H, s), 1 .27 (3H, s), 1 .30 (3H, s), 1 .42 (3H, s), 2.07 (1 H, d, J = 1 6.2 Hz), 2.1 7 (1 H, d, J = 1 6.2 
Hz), 2.61 (1H, d, J = 15.6 Hz), 2.83 (1H, d, J = 15.6 Hz), 3.68 (3H, s), 3.91 (3H, s), 6.57 (1H, s), 6.85 (1H, d, J = 8.0 
Hz), 7.00 (1H, td, J = 7.5, 1 .0 Hz), 7.21 -7.28 (1 H, m), 7.34 (1 H, ddd, J = 8.3, 7.6, 1 .9 Hz). 

40 

EXAMPLE 6 

(S^-DimethoxyphenyO-S^.e^-tetrahydro-l-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoquinoline 

45 [0715] The title compound was obtained using 3,4-dimethoxybenzonitrile by the method similar to that in Example 
1. Yield: 42%. 

Melting point: 121-122 °C (diisopropyl ether-hexane) 

1 H NMR (CDCI3) 8 1.24 (6H, s), 1.33 (6H, s), 2.30 (2H, s), 2.68 (2H, s), 3.89 (3H, s), 3.91 (3H, s), 3.92 (3H, s), 6.61 
(1H, s), 6.87 (1H,d, J = 8.1 Hz), 6.93 (1H, d, J= 1.8 Hz), 6.97 (1H, dd, J = 8.1 , 1.8 Hz). 

50 

EXAMPLE 7 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-(phenylmethyl)furo[2,3-h]isoquinoline 

55 [0716] The title compound was obtained using phenylacetonitrile by the method similar to that in Example 1 . Yield: 
16%. 

Melting point: 77-79 °C (hexane) 

1 H NMR (CDCI3) 8 1 .25 (6H, s), 1 .34 (6H, S), 2.65 (2H, s), 3.06 (2H, s), 3.87 (3H, s), 4.01 (2H, 6), 6.54 (1 H, s), 7.06-7.27 
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(5H, m). 
EXAMPLE 8 

Phenyl(3,4,8,94etrahydro-6-methoxy^ 

[0717] The mother liquor after filtration of the desired material in Example 7 was concentrated under reduced pres- 
sure, the residue was allowed to stand at room temperature, and then crystallized from diisopropyl ether-hexane to 
obtain the title compound. Yield: 7.8%. 
Melting point: 135-137 °C 

1H NMR (CDCI 3 ) 5 1.33 (6H, s), 1.35 (6H, s), 2.66 (2H, s), 2.75 (2H, s), 3.92 (3H, s), 6.60 (1H, s), 7.42-7.53 (2H, m), 
7.56-7.67 (1 H, m), 7.96-8.02 (2H, m). 

EXAMPLE 9 

1 -[1 ,1 '-Biphenyll^-yl-S^.B^-tetrahydro-e-methoxy-S.S^.e-tetramethylfuro^.S-hJisoquinoline 

[0718] The title compound was obtained using 4-cyanobiphenyl by the method similar to that in Example 1 . Yield: 
33%. 

Amorphous. 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .33 (6H, s), 2.32 (2H. s), 2.70 (2H, s), 3.93 (3H, s), 6.63 (1 H, s), 7.32-7.52 (5H. m), 
7.60-7.69 (4H, m). 

EXAMPLE 10 

3,4 l 8,9-Tetrahydro-6-methoxy-3 l 3 > 8 ) 8-tetramethyl-1-(4-methylphenyl)furo[2,3-h]isoquinoline 

[071 9] The title compound was obtained using 4-methylbenzonitrile by the method similar to that in Example 1 . Yield: 
51%. 

Melting point: 158-161 °C (ethyl acetate-hexane) 

1 H NMR (CDCI3) 5 1.23 (6H, s), 1.32 (6H, s), 2.25 (2H, s), 2.39 (3H, s), 2.67 (2H, s), 3.92 (3H, s), 6.60 (1H, s), 7.18 
(2H, d, J = 8.0 Hz), 7.24-7.32 (2H, m). 

EXAMPLE 11 

3,4,8, 9-Tetrahydro-6-methoxy-3,3,8 ) 8-tetramethyl-1-(2-methylphenyl)furo[2,3-h]isoquinoline hydrochloride 

[0720] A free base of the title compound was obtained using 2-methylbenzonitrile by the method similar to that in 
Example 1 . This was dissolved in methanol, combined with 10% solution of hydrogen chloride/methanol, and concen- 
trated under reduced pressure to obtain the title compound. Yield: 54%. 
Amorphous. 

1 H NMR (CDCI3) 6 1 .28 (3H, s), 1 .30 (3H, s), 1 .52 (3H, s), 1 .56 (3H, s), 2.01 (2H, s), 2.21 (3H, s), 2.92 (2H, s), 3.96 
(3H, S), 6.68 (1H, s), 7.15-7.48 (4H, m). 

EXAMPLE 12 

1-(4-Bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline hydrochloride 

[0721] The title compound was obtained using 4-bromobenzonitrile by the method similar to that in Example 11. 
Yield: 40%. 

Melting point: 140-145 °C (ethyl acetate-diethyl ether). 

1 H NMR (DMSO-d 6 ) 5 1 .25 (6H, s), 1 .43 (6H, s), 2.25 (2H, s), 3.15 (2H, s), 3.94 (3H, s), 7.10 (1H, s), 7.59 (2H, d, J = 
8.6 Hz), 7.89 (2H,d, J = 8.6 Hz). 
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EXAMPLE 13 

3,4,8,9-Tetrahydro-6-methoxy-1-(3-methoxyphenyl)-3,3,8,8-te^^ hydrochloride 

5 [0722] The title compound was obtained using 3-methoxybenzonitrile by the method similar to that in Example 11 . 
Yield: 49%. 
Amorphous. 

1 H NMR (CDCI 3 ) 8 1 .34 (6H, s), 1 .48 (6H, br s), 2.30 (2H, s), 2.86 (2H, br s), 3.91 (3H, s), 3.97 (3H, s), 6.67 (1H, s), 
6.99-7.1 0 (2H, m), 7.21 (1 H, br s), 7.35 (1 H, t, J = 7.9 Hz). 

10 

EXAMPLE 14 

3,4,8,9-Tetrahydro-e-methoxy-l .S.S.S.S-pentamethylfuroP^-hJisoquinoline 

15 [0723] A solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran (697 mg, 3.00 mL) in 
acetonitrile (0.9 mL) was treated dropwise with cone, sulfuric acid (0.45 mL) with cooling in ice, and stirred at room 
temperature for 22 hours. The reaction mixture was poured into Ice water and washed with diisopropyl ether. The 
aqueous layer was neutralized with 2 M solution of sodium hydroxide and extracted twice with ethyl acetate. The 
combined organic layer was washed with brine, dried over magnesium sulfate, filtered, and concentrated under reduced 

20 pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 5:1) and 
crystallized from diisopropyl ether-hexane to obtain the title compound (431 mg, yield: 53%). 
Melting point: 112-113 °C 

1H NMR (CDCI3) 5 1.17 (6H, s), 1.53 (6H, s), 2.30 (3H, s), 2.58 (2H, s), 3.27 (2H, s), 3.90 (3H, s), 6.53 (1H, s). 
25 EXAMPLE 15 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8 l 8-tetramethyl-1-(4-pyridinyl)furo[2,3-h]isoquinoline 

[0724] A solution of 4-cyanopyridine (312 mg, 3.00 mmol) in toluene (1 .5 mL) was treated dropwise with cone, sulfuric 
30 acid (1 .2 mL) with cooling in ice. Ice bath was removed, a solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl- 
1 -propenyl)benzofuran (697 mg, 3.00 mmol) in toluene (0.5 mL) was added to the mixture, and the mixture was stirred 
at 80 °C for 45 minutes. The reaction mixture was combined with ice and diluted with water and toluene. The organic 
layer was separated, and the aqueous layer was neutralized with cone, aqueous ammonia and extracted twice with 
ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and 
35 concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel 
(hexane/ethyl acetate, 3:1) and crystallized from ethyl'acetate-hexane to obtain the title compound (294 mg, yield: 
29%). 

Melting point: 173-175 °C 

1 H NMR (CDCI3) 8 1 .26 (6H, s), 1.33 (6H, s), 2.23 (2H, s), 2.70 (2H, s), 3.93 (3H, s), 6.63 (1H, s), 7.35 (2H, d, J = 6.0 
40 Hz), 8.67 (2H, d, J = 6.0 Hz). 

EXAMPLE 16 

1-(2-Fluorophenyl)-3,4,8,9-tetrahydro-6-methoxy-3 l 3 I 8,8-tetramethylfuro[2,3-h]isoquinoline hydrochloride 

45 

[0725] A free base of the title compound was obtained using 2-fluorobenzonitrile by the method similar to that in 
Example 15. This was dissolved in ethyl acetate, combined with 0,8 M solution of hydrogen chloride/methanol, and 
concentrated under reduced pressure to obtain the title compound. Yield: 50%. 
Amorphous. 

50 1h NMR (CDCI3) 8 1 .33 (3H, s), 1 .38 (3H, s), 1 .61 (3H, s), 1 .81 (3H, s), 2.20 (1 H, d, J = 1 7.0 Hz), 2.32-2.45 (1 H, m), 
2.95 (1H, d, J = 16.2 Hz), 3.18 (1H, d, J = 16.2 Hz), 4.02 (3H, s), 6.74 (1H, s), 7.15-7.28 (1H, m), 7.41 (1H, t, J = 7.7 
Hz), 7.59-7.76 (2H, m). 

EXAMPLE 17 

55 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-(3-pyridinyl)furo[2,3-h]isoquinoline 

[0726] Cone, sulfuric acid (0.60 mL) was added to a solution of 3-cyanopyridine (312 mg, 3.00 mmol) in toluene (1 



125 



EP 1 270 577 A1 



ml_) and acetic acid (1 mL) with cooling in ice and then a solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl- 
1 -propenyl)benzofuran (697 mg, 3.00 mmol) in toluene (0.5 mL) was added to the mixture. The mixture was stirred at 
80 °C for 1 hour. The reaction mixture was poured into ice water and washed with diisopropyl ether, and the aqueous 
layer was neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate. The combined organic layer 
5 was washed with water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The 
residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 5:1) and crystallized 
from diisopropyl ether-hexane to obtain the title compound (301 mg, yield: 30%). 
Melting point: 113-114 °C 

1 H NMR (CDCI 3 ) 6 1 .26 (6H, s), 1 .32 (6H, s), 2.21 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.63 (1 H, s), 7.34 (1 H, ddd, J = 
10 7.7, 4.9, 0.8 Hz), 7.75 (1 H, dt, J = 7.7, 1 .9 Hz), 8.63 (1 H, d, J = 0.8 Hz), 8.65 (1 H, dd, J = 4.9, 1 .9 Hz). 

EXAMPLE 18 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8 l 8-tetramethyl-1-(2-pyridinyl)furo[2,3-h]isoquinoline 

15 

[0727] The title compound was obtained using 2-cyanopyridine by the method similar to that in Example 17. Yield: 
27%. 

Melting point: 146-147 °C (diisopropyl ether-hexane) 

1 H NMR (CDCI3) 5 1.28 (6H, s), 1 .32 (6H, s), 2.15 (2H, s), 2.73 (2H, s), 3.91 (3H, s), 6.60 (1H, s), 7.33 (1H, ddd, J = 
20 7.6, 4.9, 1 .4 Hz), 7.56-7.63 (1 H, m), 7.99 (1 H, td, J = 7.6, 1 .8 Hz), 8.63 (1 H, ddd, J = 4.9, 1 .8, 1 .0 Hz). 

EXAMPLE 19 

1-(4-Fluorophenyl)-3,4,8 p 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 

25 

[0728] The title compound was obtained using 4-fluorobenzonitrile by the method similar to that in Example 1 7. Yield: 
44%. 

Melting point: 131-132 °C (hexane) 

1 H NMR (CDCI3) 5 1 .24 (6H, s), 1 .33 (6H, s), 2.22 (2H, s), 2.68 (2H, s), 3.92 (3H, s), 6.61 (1H, s), 7.08 (2H, t, J = 8.8 
30 Hz), 7.39 (2H, dd, J = 8.8, 5.4 Hz). 

EXAMPLE 20 

l-CS-BromophenyO-S^.B.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoquinoline 

35 

[0729] The title compound was obtained using 3-bromobenzonitrile by the method similar to that in Example 17. 
Yield: 51%. 

Melting point: 108-109 °C (hexane) 

1 H NMR (CDCI3) 5 1 .24 (6H, s), 1 .34 (6H, s), 2.24 (2H, s), 2.68 (2H, s), 3.92 (3H, s), 6.61 (1H, s), 7.25 (1H, t, J = 7.6 
40 Hz), 7.34 (1 H, dt, J = 7.6, 1 .6 Hz), 7.52 (1 H, dt, J = 7.6, 1 .6 Hz), 7.57 (1 H. t, J = 1 .6 Hz). 

EXAMPLE 21 

4-(3,4 l 8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenesulfonamide 

45 

[0730] The title compound was obtained using 4-cyanobenzenesulfonamide by the method similar to that in Example 
17. Yield: 55%. 

Melting point: 153-168 °C (decomposition) (ethyl acetate- hexane). 

1 H NMR (DMSO-d 6 ) 6 1.15 (6H, s), 1 .22 (6H, s), 2.22 (2H, s), 2.65 (2H, s), 3.82 (3H, s), 6.83 (1 H, s), 7.54 (2H, d, J = 
50 8.4 Hz), 7.86 (2H, d, J = 8.4 Hz). 

EXAMPLE 22 

6-Ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinoline 

55 

[0731 ] The title compound was obtained from 7-ethoxy-2,3-dihydro-2,2-dimethyl-5-(2-methyl-1 -propenyl)benzofuran 

and benzonitrile by the method similar to that in Example 17. Yield: 65%. 

Gummy. 
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1 H NMR <CDCI 3 ) 8 1 .24 (6H, s), 1 .30 (6H, s), 1 .46 (3H, t, J = 7.0 Hz), 2.1 7 (2H, s), 2.67 (2H f s), 4.1 8 (2H, q, J = 7.0 
Hz), 6.60(1 H,s), 7.38 (5H, s). 

EXAMPLE 23 

5 

6-Ethoxy-3,4,8,9-tetrahydro-1-(4-methoxyphenyl)-3,3,8 p 8-tetramethylfuro[2 l 3-h]isoquinoline 

[0732] The title compound was obtained using 7-ethoxy-2,3-dihydro-2,2-dimethyl-5-(2-methyl-1-propenyl)benzo- 
furan and 4-methoxybenzonitrile by the method similar to that in Example 17. Yield: 55%. 
10 Melting point: 140-142 °C (hexane). 

1 H NMR (CDCI 3 ) 5 1 .22 (6H, s), 1 .32 (6H, s), 1 .46 (3H, t, J = 7.0 Hz), 2.26 (2H, s), 2.65 (2H, s), 3.84 (3H, s), 4.18 (2H, 
q, J = 7.0 Hz), 6.59 (1 H, s), 6.90 (2H, d, J = 8.4 Hz), 7.34 (2H, d, J = 8.4 Hz). 

EXAMPLE 24 

15 

S-tS^.S.g-Tetrahydro-e-methoxy-S.S.B.B-tetramethylfurop.S-hJisoquinolin-l -yl)benzoic acid methyl ester 

[0733] Cone, sulfuric acid (1 .8 mL) was added to a solution of methyl 3-cyanobenzoate (2.42 g, 1 5.0 mmol) in toluene 
(15 mL) and acetic acid (8 mL) with cooling in ice and then a solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-me- 

20 thyl-1-propenyl)benzofuran (3.49 g, 15.0 mmol) in toluene (15 mL) was added to the mixture. The mixture was stirred 
at 80 °C for 1 hour. The reaction mixture was cooled with ice, combined with an aqueous solution containing sodium 
acetate (6.69 g, 81 .6 mmol), and then neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate. 
The combined organic layer was washed with water and extracted with 1 M hydrochloric acid 3 times. The combined 
aqueous layer was neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate. The combined 

25 organic layer was washed with water and brine, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1) 
and crystallized from ethyl acetate-hexane to obtain the title compound (2.18 g, Yield: 37%). 
Melting point: 137-138 °C. 

1 H NMR (CDCI3) 6 1.26 (6H, s), 1.30 (6H, s), 2.16 (2H, s), 2.70 (2H, s), 3.92 (3H, s), 3.93 (3H, s), 6.63 (1H, s), 7.48 
30 (1 H, t, J = 7.8 Hz), 7.62 (1 H, dt, J = 7.8, 1 .5 Hz), 8.05-8.12 (2H, m). 

EXAMPLE 25 

4-(3,4 p 8,9-Tetrahydro-6-methoxy-3 I 3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzoic acid methyl ester 

35 

[0734] The title compound was obtained using methyl 4-cyanobenzoate by the method similar to that in Example 
24. Yield: 48%. 

Melting point: 150-152 °C (diisopropyl ether-hexane). 

1 H NMR (CDCI3) 5 1.26 (6H, s), 1.30 (6H, s), 2.17 (2H, s), 2.70 (2H, s), 3.92 (3H, s), 3.95 (3H, s), 6.62 (1H, s), 7.48 
40 (2H, d, J = 8.6 Hz), 8.07 (2H, d, J = 8.6 Hz). 

EXAMPLE 26 

4-(6-Ethoxy-3,4,8,9-tetrahydro-3,3 l 8,8-tetramethylfuro[2 ) 3-h]isoquinolin-1 -yl)benzoic acid methyl ester 

45 

[0735] The title compound was obtained from 7-ethoxy-2,3-dihydro-2,2-dimethyl-5-(2-methyl-1 -propenyl)benzofuran 
and methyl 4-cyanobenzoate by the method similar to that in Example 24. Yield: 43%. 
Melting point: 81-85 °C (hexane). 

1 H NMR (CDCI3) 5 1 .25 (6H, s), 1 .30 (6H, s), 1 .46 (3H, t, J = 7.0 Hz), 2.15 (2H, s), 2.68 (2H, s), 3.95 (3H, s), 4.18 (2H, 
so q, J = 7.0 Hz), 6.61 (1H, s), 7.48 (2H, d, J = 8.3 Hz), 8.07 (2H, d, J = 8.3 Hz). 

EXAMPLE 27 

4-(3,4,8,9-Tetrahydro-6-methoxy-3 ( 3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine 

55 

[0736] Cone, sulfuric acid (3.6 mL) was added to a suspension of N-(4-cyanophenyl)-2,2,2-trifluoroacetamide (6.43 
g, 30.0 mmol) in toluene (30 mL) and acetic acid (1 5 mL) with cooling in ice and then a solution of 2,3-dihydro-7-methoxy- 
2,2-dimethyl-5-(2-methyl-1 -propenyljbenzofuran (1 0.5 g, 45.2 mmol) in toluene (20 mL) was added to the mixture. The 



127 



EP 1 270 577 A1 



mixture was stirred at 80 °C for 1 hour. The reaction mixture was cooled with ice and combined with water and a small 
amount of methanol, and the organic layer was separated, and the aqueous layer was washed with diisopropyl ether, 
neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and concentrated under reduced pressure. The residue was dissolved in ethanol (30 mL), combined 

5 with 2 M aqueous solution of sodium hydroxide (1 5 mL, 30 mmol), and heated under reflux for 40 minutes. The reaction 
mixture was concentrated under reduced pressure, and the residue was combined with water and extracted twice with 
ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel 
(hexane/ethyl acetate 1:1) and recrystallized from ethanol-diisopropyl ether to obtain the title compound (6.32 g, Yield: 

10 60%). 

Melting point: 192-195 °C. 

1 H NMR (CDCI 3 ) 5 1.21 (6H, s), 1.33 (6H, s), 2.36 (2H, s), 2.65 (2H, s), 3.45-3.95 (2H, br), 3.91 (3H, s), 6.59 (1H, s), 
6.68 (2H, d, J = 8.5 Hz), 7.21 (2H, d, J = 8.5 Hz). 

15 EXAMPLE 28 

3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,83-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine 

[0737] A solution of 3-aminobenzonitrile (9.48 g, 80.2 mmol) in toluene (1 00 mL) and acetic acid (80 mL) was cooled 
20 with ice, cone, sulfuric acid (16 mL) was added dropwise thereto, and then 1-(2,3-dihydro-7-methoxy-2,2-dimethyl- 
5-benzofuranyl)-2-methyl-1-propanol (22.1 g, 88.3 mmol) was added in portions thereto. The resultant mixture was 
stirred at 85 °C for 1 hour. Ethanol was added dropwise to the reaction mixture, which was then stirred at the same 
temperature for 45 minutes. The resultant mixture was cooled and then combined with water to separate an aqueous 
layer, and the organic layer was extracted with water. The combined aqueous layer was neutralized with cone, aqueous 
25 ammonia and extracted twice with ethyl acetate. The combined organic layer was washed with water, and then extracted 
twice with a 10% aqueous solution of acetic acid. The combined aqueous layer was neutralized with cone, aqueous 
ammonia and extracted twice with ethyl acetate. The combined organic layer was washed twice with water and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hex- 
ane/ethyl acetate, 4:1 followed by 1:1) and crystallized from ethyl acetate-hexane to obtain the title compound (12.7 
30 g, Yield: 45%). 

Melting point: 131-134 °C. 

1 H NMR (CDCI3) 8 1 .26 (6H, br s), 1 .33 (6H, s), 2.33 (2H, s), 2.67 (2H, s), 3.69 (2H, br s), 3.91 (3H, s), 6.59 (1H, s), 
6.66-6.77 (3H, m), 7.09-7.19 (1H, m). 

35 (Alternative synthetic method) 

[0738] A solution of 1-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1 -propyl acetate (907 mg, 
3.10 mmol) and 3-aminobenzonitrile (440 mg, 3.72 mmol) in toluene (5 mL) was heated at 85°C, a solution of cone, 
sulfuric acid (0.56 mL) in acetic acid (3 mL) was added dropwise thereto, and the mixture was stirred at the same 

40 temperature for 1 .5 hours. Ethanol was added dropwise to the reaction mixture, which was then stirred at the same 
temperature for 1 hour. The resultant mixture was cooled with ice and combined with water to separate an aqueous 
layer, and the organic layer was extracted with water. The combined aqueous layer was neutralized with cone, aqueous 
ammonia and extracted twice with ethyl acetate. The combined organic layer was washed with water, and then extracted 
twice with a 10% aqueous solution of acetic acid. The combined aqueous layer was neutralized with cone, aqueous 

45 ammonia and extracted twice with ethyl acetate. The combined organic layer was washed twice with water and con- 
centrated under reduced pressure. The residue was crystallized from diethyl ether-hexane to obtain the title compound 
(373 mg, Yield: 34%). 

EXAMPLE 29 

50 

3-(3 p 4,8,9-Tetrahydro-6-methoxy-3,3 p 8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine dihydrochloride 

[0739] 3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine (351 mg, 1.00 
mmol) was dissolved in ethyl acetate (10 mL), combined with 0.8 M hydrogen chloride/methanol (3 mL), and concen- 
55 trated under reduced pressure. The residue was recrystallized from ethanol-diisopropyl ether to obtain the title com- 
pound (401 mg, Yield: 95%). 
Melting point: 176-1 80 °C. 

1 H NMR (DMSO-d 6 ) 5 1.26 (6H, brs), 1.43 (6H, s), 2.23-2.38 (2H, m), 3.15 (2H, brs), 3.94 (3H, s), 6.80-7.22 (3H, m), 
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7.09 (1H,s), 7.30-7.48 (1H,m). 

EXAMPLE 30 

5 N-[3-(3,4,8,9Tetrahydro-6-methoxy-^^ 

[0740] A solution of S-CS^.S.Q-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoquinolin-l -yl)benzenamine 
(351 mg, 1 .00 mmol) and triethytamine (0.17 ml_, 1 .2 mmol) in tetrahydrofuran (3 mL) was treated dropwise with acetyl 
chloride (78 u,L, 1 .1 mmol) with cooling in ice, and stirred at the same temperature for 1 0 minutes. The reaction mixture 
10 was combined with water and a saturated aqueous solution of sodium hydrogen carbonate and extracted twice with 
ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The resultant crystals were washed with diisopropyl ether to obtain the title 
compound (305 mg, Yield: 78%). 
Melting point: 246-247 °C. 

15 1 H NMR (DMSO-d 6 ) 5 1.13 (6H, s), 1.21 (6H, s), 2.02 (3H, s), 2.28 (2H, s), 2.62 (2H, s), 3.81 (3H, s), 6.80 (1H, s), 
6.96-7.04 (1 H, m), 7.31 (1 H, t, J = 7.9 Hz), 7.55-7.67 (2H, m), 9.99 (1 H, br s). 

EXAMPLE 31 

20 2,2,2-Trifluoro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2,3-h]isoguinolin-1-yl)phenyl]acetamide 

[0741 ] The title compound was obtained using trifluoroacetic anhydride by the method similar to that in Example 30. 
Yield: 86%. 

Melting point: 241-242 °C (ethyl acetate-diisopropyl ether). 
25 1H NMR (DMSO-d 6 ) 8 1.14 (6H, s), 1 .21 (6H, s), 2.28 (2H, s), 2.63 (2H, s), 3.82 (3H, s), 6.82 (1H, s), 7.17-7.25 (1H, 
m), 7.45 (1H, t, J = 7.7 Hz), 7.65-7.78 (2H, m), 11.31 (1H, brs). 

EXAMPLE 32 

30 N-^-tS^.S.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoquinolin-l-yOphenyllmethanesulfonamide 

[0742] The title compound was obtained from 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)benzenamine and methanesulfonyl chloride by the method similar to that in Example 30. Yield: 58%. 
Melting point: 245-247 °C (ethanol). 
35 1H NMR (CDCI 3 ) 6 1 .27 (6H, br s), 1 .33 (6H, s), 2.24 (2H, s), 2.71 (2H, s), 2.88 (3H, s), 3.92 (3H, s), 6.61 (1 H, s), 7.1 5 
(1H, dt, J = 6.3, 1.9 Hz), 7.19-7.23 (1H. m), 7.26-7.40 (2H, m). 

EXAMPLE 33 

40 2,2,2-Trifluoro-N-[4-(3,4,8,9-tetrahydro-6^ 

[0743] The title compound was obtained from 4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)benzenamine and trifluoroacetic anhydride by the method similar to that in Example 30. Yield: 89%. 
Melting point: 117-123 °C (ethyl acetate-diisopropyl ether). 
45 1 H NMR (CDCI3) 5 1 .25 (6H, s), 1 .32 (6H, s), 2.23 (2H, s), 2.69 (2H, s), 3.92 (3H, s), 6.62 (1 H, s), 7.39 (2H, d, J = 8.6 
Hz), 7.56 (2H, d, J = 8.6 Hz), 8.30-8.60 (1H, br). 

EXAMPLE 34 

50 N-[4-(3,4,8 t 9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]acetamide 

[0744] The title compound was obtained from 4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)benzenamine and acetyl chloride by the method similar to that in Example 30. Yield: 90%. 
Melting point: 119-123 °C (ethyl acetate-diisopropyl ether). 
55 1H NMR (CDCI3) 5 1.23 (6H, s), 1.32 (6H, s), 2.19 (3H, s), 2.27 (2H, s), 2.68 (2H, s), 3.92 (3H, s), 6.61 (1H, s), 7.35 
(2H, d, J = 8.5 Hz), 7.44 (1 H, br s), 7.54 (2H, d, J = 8.5 Hz). 
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EXAMPLE 35 

3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylf uro[2,3-h]isoquinolin-1 -yl)phenylcarbamic acid phenyl ester 

[0745] The title compound was obtained using phenyl chloroformate by the method similar to that in Example 30. 
Yield: 88%. 

Melting point: 155-164 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) 8 1 .26 (6H, br s), 1 .32 (6H, s), 2.30 (2H, s), 2.69 (2H, brs), 3.92 (3H, s), 6.60 (1H, s), 7.05-7.11 (1H, 
m), 7.13-7.57 (9H f m). 

EXAMPLE 36 

N-IS-tS^.S.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoquinolin-l-yOphenyllbenzamide 

[0746] The title compound was obtained from benzoyl chloride by the method similar to that in Example 30. Yield: 
93%. 

Melting point: 124-130, 174-176 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .21 (6H, br s), 1 .33 (6H, s), 2.35 (2H, s), 2.65 (2H, s), 3.92 (3H, s), 6.60 (1H, s), 7.12 (1H, dt, J = 
7.8, 1.3 Hz), 7.38 (1H, t, J = 7.8 Hz), 7.41-7.60 (4H, m), 7.82-7.98 (3H, m), 8.26 (1H, brs). 

EXAMPLE 37 

2-Chloro-N-[3-(3,4,8,9-tetrahydro-6-meth^ 

[0747] The title compound was obtained using chloroacetyl chloride by the method similar to that in Example 30. 
Yield: 86%. 

Melting point: 205-207 °C (ethyl acetate-diethyl ether). 

1 H NMR (CDCI3) 5 1.24 (6H, br s), 1.32 (6H, s), 2.28 (2H, s), 2.68 (2H, s), 3.92 (3H, s), 4.18 (2H, s), 6.61 (1H, s), 
7.12-7.19 (1H, m), 7.37 (1H, t, J = 7.9 Hz), 7.46 (1H, t, J = 1 .7 Hz), 7.73-7.80 (1H, m), 8.37 (1H, brs). 

EXAMPLE 38 

2-(Methylthio)-N-[3-(3,4 ) 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]acetamide 

[0748] A suspension of 2-chloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 ) 8-tetramethylfuro[2 l 3-h]isoquinolin-1-yl) 
phenyl]acetamide (2.20 g, 5.15 mmol) in N,N-dimethylformamide (15 mL) was treated dropwise with a 15% aqueous 
solution of methylmercaptan sodium salt (3.1 g, 6.6 mmol) slowly, and stirred at 60 °C for 40 minutes. The reaction 
mixture was combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed 
twice with water, and concentrated under reduced pressure. The residue was crystallized from ethyl acetate-diethyl 
ether to obtain the title compound (1 .92 g, yield: 85%). 
Melting point: 139-141 °C. 

1 H NMR (CDCI3) 6 1 .25 (6H, brs), 1 .32 (6H, s), 2.19 (3H, s), 2.29 (2H, s), 2.69 (2H, s), 3.34 (2H, s), 3.92 (3H, s), 6.61 
(1H, s), 7.12 (1H, dt, J = 7.9, 1.1 Hz), 7.36 (1H, t, J = 7.9 Hz), 7.44 (1H, t, J = 2.0 Hz), 7.84 (1H, ddd, J = 7.9, 2.0, 1 .1 
Hz), 8.81 (1H, brs). 

EXAMPLE 39 

2-(Methylsulfinyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl] 
acetamide 

[0749] A suspension of 2-(methylthio)-N-[3-(3 ! 4,8 ) 9-tetrahydro-6-methoxy-3,3,8,8-tetramethyifuro[2,3-h]isoquinolin- 
1 -yl)phenyl]acetamide (1 .37 g, 3.12 mmol) in methanol (15 mL) was treated dropwise with a solution of sodium meta- 
periodate (1.67 g, 7.81 mmol) in water(10 mL) slowly, and stirred at room temperature for 15 minutes. The reaction 
mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted 
twice with ethyl acetate. The combined organic layer was washed twice with water, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 1:1 
followed by ethyl acetate/methanol 10:1) and crystallized from ethyl acetate-diethyl ether to obtain the title compound 
(1 .02 g, Yield: 72%). 
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Melting point: 198-201 °C. 

1 H NMR (CDCI 3 ) 51.23 (6H, br s), 1.32 (6H, s), 2.28 (2H, s), 2.68 (2H, s), 2.76 (3H, s), 3.38 (1H, d, J = 14.6 Hz), 3.87 
(1H, d, J = 14.6 Hz), 3.92 (3H, s), 6.60 (1H, s), 7.12 (1H, dt, J = 7.8, 1 .3 Hz), 7.33 (1H, t, J = 7.8 Hz), 7.48-7.53 (1H, 
m), 7.66-7.75 (1 H, m), 9.21 (1 H, br s). 

5 

EXAMPLE 40 

2- (Methylsulfonyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3 1 3,8 1 8-tetramethylfuro[2,3-h] 
acetamide 

10 

[0750] A suspension of 2-(methylthio)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin- 
1-yl)phenyl]acetamide (877 mg, 2.00 mmol) in methanol (15 mL) was treated dropwise with a solution of sodium me- 
taperiodate (1.43 g, 6.69 mmol) in water (10 mL) and heated under reflux for 24 hours. The reaction mixture was 
combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with Ohio- 
's roform. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and concen- 
trated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ 
ethyl acetate, 1:1, 1 :3 followed by 1 :20) and crystals were washed with a mixture of ethyl acetate and diethyl ether to 
obtain the title compound (239 mg, Yield: 25%). 
Melting point: 135-140 °C. 

20 1h NMR (DMSO-d 6 ) 61.14 (6H, s), 1 .22 (6H, s), 2.29 (2H, s), 2.63 (2H, s), 3.16 (3H, s), 3.81 (3H, s), 4.27 (2H, s), 6.81 
(1 H, s), 7.1 0 (1 H, d, J = 7.7 Hz), 7.38 (1 H, t, J = 7.7 Hz), 7.59 (1 H, d, J = 7.7 Hz), 7.66 (1 H, s), 1 0.54 (1 H, br s). 

EXAMPLE 41 

25 3-(Methylthio)-N-[3-(3,4,8 J 9-tetrahydro-6-methoxy-3 J 3,8 J 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]propanamide 

[0751] The title compound was obtained using 3-methylthiopropionyl chloride by the method similar to that in Example 
30. Yield: 99%. 

Melting point: 195-197 °C (ethyl acetate-diethyl ether). 
30 1 H NMR (CDCI3) 5 1 .25 (6H, br s), 1 .32 (6H, s), 2.16 (3H, s), 2.29 (2H, s), 2.61 (2H, t, J = 7.0 Hz), 2.68 (2H, br s), 2.86 
(2H, t, J =7.0 Hz), 3.92 (3H, s), 6.60 (1 H, s), 7.07 (1 H, d, J = 7.4 Hz), 7.25-7.37 (1 H, m), 7.42 (1 H, s), 7.72 (1 H, d, J = 
7.6Hz),7.97(1H,brs). 

EXAMPLE 42 

35 

3- (Methylsulfinyl)-N-[3-(3,4,8,9-tetrah^ 
propanamide 

[0752] The title compound was obtained from 3-(methylthio)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3 J 8,8-tetrameth- 
40 ylfuro[2,3-h]isoquinolin-1 -yl)phenyl]propanamide by the method similar to that in Example 39. Yield: 83%. 
Melting point: 178-179 °C (ethyl acetate-diethyl ether). 

1 H NMR (CDCI3) 5 1 .23 (6H, br s), 1 .31 (6H, s), 2.25 (2H, s), 2.65 (3H, s), 2.67 (2H, br s), 2.87-3.03 (3H, m), 3.15-3.34 
(1H, m), 3.92 (3H, s), 6.59 (1H, s), 7.03 (1H, d, J = 7.2 Hz), 7.21-7.32 (1H, m), 7.43 (1H, s), 7.72 (1H, d, J = 8.0 Hz), 
9.27 (1H,brs). 

45 

EXAMPLE 43 

N-^-tS^.S^-Tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hJisoquinolin-l-yOphenyllmethanesulfonamide 

so [0753] A solution of 4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzenamine 
(1 .05 g, 3.00 mmol) in pyridine (7 mL) was treated dropwise with methanesulfonyl chloride (0.50 mL, 6.5 mmol) with 
cooling in ice, and stirred at the same temperature for 1 hour and at room temperature for 80 minutes. The reaction 
mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate and extracted twice 
with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, 

55 and concentrated under reduced pressure. The residue was suspended in toluene, concentrated under reduced pres- 
sure, and then recrystallized from ethanol-diethyl ether to obtain the title compound (500 mg, Yield: 39%). 
Melting point: 235-237 °C. 

1 H NMR (CDCI3) 5 1.25 (6H, s), 1.33 (6H, s), 2.24 (2H, s), 2,69 (2H, s), 3.00 (3H, s), 3.92 (3H, s), 6.61 (1H, s), 7.21 
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(2H, d, J = 8.8 Hz), 7.38 (2H, d, J = 8.8 Hz). 
EXAMPLE 44 

5 N-(Methylsulfonyl)-N-[4-(3,4,8,9-tetrahydro-6-methoxy-3,3^ 
methanesulfonamide 

[0754] A suspension of N-^^a^.S.S-tetrahydro-e-methoxy-S.S^.S-tetramethylfuroP.a-hlisoquinolin-l -yljphenyl] 
methanesulfonamide (564 mg, 1 .32 mmol) and triethylamine (0.55 mL, 3.9 mmol) in tetrahydrofuran (6 mL) was treated 

10 dropwise with methanesulfonyl chloride (0.20 mL, 2.6 mmol), and stirred at 70 °C for 30 minutes. The reaction mixture 
was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with 
ethyl acetate. The combined organic layer was washed twice with water, and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 3:1 followed by 
1 :1) and recrystallized from ethyl acetate-ethyl ether to obtain the title compound (454 mg, Yield: 68%). 

f5 Melting point: 223-225 °C. 

'H NMR (CDCI 3 ) 6* 1.26 (6H, s), 1.30 (6H, s), 2.14 (2H, s), 2.70 (2H, s), 3.41 (6H, s), 3.92 (3H, s), 6.62 (1H, s), 7.39 
(2H, d, J = 8.6 Hz), 7.50 (2H, d, J = 8.6 Hz). 

EXAMPLE 45 

20 

N-(Methylsulfonyl)-N-[3-(3,4 ! 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl] 
methanesulfonamide 

[0755] The title compound was obtained from 3-(3 l 4,8 I 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
25 nolin-1-yl)benzenamine by the method similar to that in Example 44. Yield: 63%. 
Melting point: 192-195 °C (acetone-hexane). 

1 H NMR (CDCI3) 5 1 .25 (6H, br s), 1 .32 (6H, s), 2.05-2.55 (2H, m), 2.70 (2H, br s), 3.41 (6H, s), 3.92 (3H, s), 6.61 (1 H, 
s), 7.29 (1 H, t, J = 1 .7 Hz), 7.38 (1 H, dt, J = 7.5, 1 .7 Hz), 7.53 (1 H, t, J = 7.5 Hz), 7.61 (1 H, dt, J = 7.5, 1 .7 Hz). 

30 EXAMPLE 46 

N-[4-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 ) 3-h]isoquinolin-1-yl)phenyl]-3-pyridinecarbox 

[0756] Nicotinoyl chloride hydrochloride (712 mg, 4.00 mmol) was added to a solution of 4-(3,4,8,9-tetrahydro- 
35 e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoquinolin-l-ylJbenzenamine (701 mg, 2.00 mmol) and 4-dimethylaminopy- 
ridine (61 1 mg, 5.00 mmol) in N,N-dimethylformamide (1 0 mL) and the mixture was stirred at room temperature for 20 
minutes. The reaction mixture was combined with water and a saturated aqueous solution of sodium hydrogen car- 
bonate, and extracted twice with ethyl acetate. The combined organic layer was washed twice with water, and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hex- 
40 ane/ethyl acetate, 2:1 followed by 1 :3) and crystallized from ethyl acetate-hexane to obtain the title compound (181 
mg, Yield: 20%). 
Melting point: 130-137 °C. 

1 H NMR (CDCI3) 5 1 .25 (6H, s), 1 .33 (6H, s), 2.31 (2H, s), 2.69 (2H, s), 3.93 (3H, s), 6.62 (1 H, s), 7.38-7.51 (1 H, m), 
7.42 (2H, d, J = 8.6 Hz), 7.70 (2H, d, J = 8.6 Hz), 8.21 (1H, br s), 8.25 (1 H, dt, J = 8.0, 2.0 Hz), 8.79 (1 H, dd, J = 4.8, 
45 1 .4 Hz), 9.14 (1H, dd, J = 2.6, 0.8 Hz). 

EXAMPLE 47 

N-[3-(3,4 > 8,9-tetrahydro-6-methoxy-3 > 3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-4-pyridinecarboxamide 

50 

[0757] The title compound was obtained from S-fS^.S.g-tetrahydro-e-methoxy-S^.S.S-tetramethylfuro^.S-hlisoqui- 
nolin-1-yl)benzenamine and isonicotinoyl chloride hydrochloride by the method similar to that in Example 46. Yield: 
83%. 

Melting point: 233-236 °C (ethyl acetate-diethyl ether). 
55 1H NMR (CDCI3) 5 1.17 (6H, br s), 1 .33 (6H, s), 2.33 (2H, s), 2.60 (2H, s), 3.92 (3H, s), 6.59 (1 H, s), 7.1 3 (1 H, d, J = 
7.7 Hz), 7.36 (1H, t, J = 7.7 Hz), 7.51-7.56 (1H, m), 7.71 (2H, d, J = 6.1 Hz), 7.86-7.93 (1H, m), 8.76 (2H, d, J = 6.1 
Hz), 8.98 (1H, br s). 
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EXAMPLE 48 

N-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetra^ 

[0758] The title compound was obtained from S-ja^.S.S-tetrahydro-e-methoxy-S.a.S.S-tetramethylfuro^.S-hlisoqui- 
nolin-1-yl)benzenamineand picolinoyl chloride hydrochloride by the method similar to that in Example 46. Yield: 86%. 
Melting point: 179-183 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 )5 1.26 (6H, brs), 1.32 (6H, s), 2.32 (2H, s), 2.70 (2H, s), 3.92 (3H, s), 6.61 (1H, s), 7.15 (1H, d, J = 
7.8 Hz), 7.41 (1 H, t, J = 8.1 Hz), 7.44 (1 H, m), 7.71 (1 H, t, J = 1 .8 Hz), 7.86-7.96 (1 H, m), 7.97-8.04 (1 H, m), 8.26-8.32 
(1H, m), 8.60 (1H, dt, J = 4.7, 0.7 Hz), 10.12 (1H, br s). 

EXAMPLE 49 

N-[4-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetram 

[0759] The title compound was obtained using isonicotinoyl chloride hydrochloride by the method similar to that in 
Example 46. Yield: 90%. 

Melting point: 159-163 °C (ethyl acetate-diethyl ether). 

1 H NMR (CDCI 3 ) 6 1.25 (6H, s), 1.33 (6H, s), 2.30 (2H, s), 2.69 (2H, s), 3.93 (3H, s), 6.62 (1H, s), 7.42 (2H, d, J = 8.4 
Hz), 7.69 (2H, d, J = 8.4 Hz), 7.75 (2H, d, J = 6.2 Hz), 8.21 (1H, br s), 8.81 (2H, d, J = 6.2 Hz). 

EXAMPLE 50 

N-p-JS^.e^-Tetrahydro-e-methoxy-S.S^.S-tetramethylfuro^^-hlisoquinolin-l-yOphenyll-S-pyridinecarboxamide 

[0760] A solution of sodium carbonate (466 mg, 4.40 mmol) in water (4 mL) was added to a solution of 3-(3,4,8,9-tet- 
rahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoquinolin-l-yObenzenamine (701 mg, 2.00 mmol) in tetrahydro- 
furan (4 mL). Nicotinoyl chloride hydrochloride (392 mg, 2.20 mmol) was added to the mixture with cooling in ice, and 
the mixture was stirred at room temperature for 20 minutes. Furthermore a solution of sodium carbonate (466 mg, 4.40 
mmol) in water (2 mL) and nicotinoyl chloride hydrochloride (392 mg, 2.20 mmol) were added to the mixture and the 
mixture was stirred at room temperature for 15 minutes. The reaction mixture was combined with water and extracted 
twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure. The residue was crystallized from ethyl acetate-hexane to obtain 
the title compound (783 mg, Yield:86%). 
Melting point: 213-219 °C. 

1 H NMR (CDCI3) 8 1 .16 (6H, brs), 1 .33 (6H, s), 2.34 (2H, s), 2.60 (2H, brs), 3.92 (3H, s), 6.58 (1H, s), 7.09-7.18 (1H, 
m), 7.30-7.46 (2H, m), 7.52-7.58 (1 H, m), 7.88-7.97 (1 H, m), 8.1 9 (1 H, dt, J = 7.9, 1 .9 Hz), 8.75 (1 H, dd, J = 5.0, 1 .6 
Hz), 8.88-9.10 (1H, m), 9.08 (1H, d, J = 1.6 Hz). 

EXAMPLE 51 

N-(3-Pyridinecarbonyl)-N-[3-(3,4,8,9-tetrahydm^^ 
glycine methyl ester 

[0761 ] Sodium hydride (66% suspension in oil) (0.22 g, 6.1 mmol) was added to a solution of N-[3-(3,4,8,9-tetrahydro- 
e-methoxy-S.S.e.S-tetramethylfuro^.S-hlisoquinolin-l-ylJphenyll-S-pyridinecarboxamide (1.37 g, 3.01 mmol) in N.N- 
dimethylformamide (10 mL) with cooling in ice, and the mixture was stirred at room temperature for 10 minutes. Methyl 
bromoacetate (0.62 mL, 6.5 mmol) was added to the mixture and the mixture was stirred at room temperature for 30 
minutes. The reaction mixture was poured into a saturated aqueous solution of ammonium chloride, and extracted 
twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
silica gel (hexane/ethyl acetate 2:1, 1:1 followed by 1:2) to obtain the title compound (1.12 g, Yield: 71%). 
Amorphous. 

1 H NMR (CDCI3) 5 1 .23 (6H, br s), 1 .36 (6H, s), 2.09 (2H, br s), 2.67 (2H, br s), 3.79 (3H, s), 3.92 (3H, s), 4.66 (2H, 
br s), 6.00 (1 H, s), 7. 1 0-7.30 (4H, m), 7.36 (1 H, br s), 7.82 (1 H, dt, J = 8.0, 2.0 Hz), 8.49 (1 H, dd, J = 4.9, 1 .7 Hz), 8.55 
(1H, d, J -2.0 Hz). 
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EXAMPLE 52 

N-Methyl-N-[3-(3,4,8,9-tetrahy^ 
3-pyridinecarboxamide 

5 

[0762] The title compound was obtained using iodomethane by the method similar to that in Example 51 . Yield: 69%. 
Melting point: 151-153 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) S 1.23 (6H, br s), 1.36 (6H, s), 2.08 (2H, brs), 2.67 (2H, brs). 3.54 (3H, s), 3.92 (3H, s), 6.61 (1H, 
s), 6.99-7.07 (1 H, m), 7.1 3-7.37 (4H, m), 7.76 (1 H, dt, J = 7.9, 1 .8 Hz), 8.47 (1 H, dd ( J = 4.9, 1 .8 Hz), 8.50-8.54 (1 H, m). 

10 

EXAMPLE 53 

N-(3-Pyridinylmethyl)-N-[3-(3,4 f 8,9-tetrahydro-6-methoxy-3 l 3,8 ( 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl] 
benzamide 

15 

[0763] The title compound was obtained from N-p-fS^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hliso- 
quinolin-1 -yl)phenyl]benzamide and 3-chloromethylpyridine by the method similar to that in Example 51 . Yield: 95%. 
Melting point: 98-104 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .22 (6H, br s), 1 .30 (6H, s), 2.02 (2H, s), 2.65 (2H, s), 3.91 (3H, s), 5.1 7 (2H, br s), 6.60 (1 H, s), 
20 6.81 (1H, dt, J = 6.4, 2.5 Hz), 7.05-7.32 (7H, m), 7.37-7.45 (2H, m), 7.77 (1H, dt, J = 7.9, 1.9 Hz), 8.52 (1H, dd, J = 
4.7,1.9 Hz), 8.59(1 H.d, J = 1.8 Hz). 

EXAMPLE 54 

25 N-(3-pyridinylmethyl)-3-(3,4,8,9-tetrahyd 
trihydrochloride 

[0764] 5 M aqueous solution of sodium hydroxide (1 .9 mL, 9.5 mmol) was added to a solution of N-(3-pyridinylmethyl) 
-N-[3-(3 l 4,8 l 9-tetrahydro-6-methoxy-3 p 3,8 ) 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]benzamide (1 .05 g, 1 .92 

30 mmol) in methanol (5 mL) and the mixture was heated under reflux for 8 hours. The reaction mixture was combined 
with water, and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried 
over sodium sulfate, filtered, and concentrated under reduced pressure to obtain a free base of the title compound. 
This was dissolved in methanol (5 mL), combined with 0.8 M solution of hydrogen chloride/methanol (10 mL), and 
concentrated under reduced pressure. The residue was crystallized from ethanol-diethyl ether to obtain the title com- 

35 pound (826 mg, Yield: 78%). 
Melting point: 156-159 °C. 

1 H NMR (DMSO-d 6 ) 8 1.23 (6H, s), 1 .43 (6H, s), 2.25 (2H, s), 3.14 (2H, s), 3.93 (3H, s), 4.62 (2H, s), 6.71-6.79 (1H, 
m), 6.84 (1H, s), 6.98 (1H, dd, J = 8.4, 1.4 Hz), 7.09 (1H, s), 7.33 (1H, t, J = 7.9 Hz), 8.07 (1H, dd, J = 8.0, 5.5 Hz), 
8.60 (1H, d, J = 8.4 Hz), 8.86 (1 H, d, J = 5.5 Hz), 8.91 (1H, s). 

40 

EXAMPLE 55 

N-(Methylsulfonyl)-N-[3-(3,4,8,9-tetrah 
methyl ester 

45 

[0765] The title compound was synthesized from N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h] 
isoquinolin-1-yl)phenyl]methanesulfonamide by the method similar to that in Example 51 . Yield: 98%. 
Amorphous. 

1 H NMR (CDCI3) 6 1 .25 (6H, br s), 1 .32 (6H, s), 2.23 (2H, br s), 2.70 (2H, br s), 3.1 6 (3H, s), 3.75 (3H, s), 3.92 (3H, 
so S ), 4.51 (2H, brs), 6.61 (1H, s), 7.39-7.58 (4H, m). 

EXAMPLE 56 

N-tfDimethylaminoJmethylenel-S-^methylsulfonylJtS-tS^.e^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-h] 
55 isoquinolin-1-yl)phenyl]amino]propanesulfonamide 

[0766] N,N-dimethylformamide dimethylacetal (0.73 mL, 5.5 mmol) was added to a suspension of 3-chloro-1-pro- 
panesulfonamide (788 mg, 5.00 mmol) in toluene (10 mL), and the mixture was stirred at 60 °C for 30 minutes. The 
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reaction mixture was concentrated under reduced pressure to obtain the mixture (1 . 1 5 g) containing 3-chloro-N-[(dimeth- 
ylamino)methylene]-1-propanesulfonamide. 

[0767] Sodium hydride (66% suspension in oil) (77 mg, 2.1 mmol) was added to a solution of N-ta-fS^.S^-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]methanesulfonamide (757 mg, 1.77 mmol) and sodi- 

5 urn iodide (69 mg, 0.46 mmol) in N,N-dimethylformamide (4 ml) and the mixture was stirred at room temperature for 
15 minutes. A solution of the mixture (528 mg) containing 3-chloro-N-[(dimethylam*mo)methylene]-1-propansulfona- 
mide in N,N-dimethylformamide (0.5 mL) was added to the reaction mixture, and the reaction mixture was stirred at 
60 °C for 19 hours. The reaction mixture was combined with water, and extracted with ethyl acetate 3 times. The 
combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and concentrated under 

10 reduced pressure. The residue was subjected to a column chromatography on a silica gel (ethyl acetate followed by 
ethyl acetate/methanol 10:1) to obtain the title compound (879 mg, Yield: 82%). 
Amorphous. 

1 H NMR (CDCI 3 ) 5 1.25 (6H, br s), 1.32 (6H, s), 1.91-2.08 (2H, m), 2.23 (2H, s), 2.70 (2H, s), 2.92 (3H, s), 3.02-3.13 
(2H, m), 3.03 (3H, s), 3.13 (3H, s), 3.82 (2H, t, J = 6.9 Hz), 3.92 (3H, s), 6.61 (1H, s), 7.27-7.52 (4H, m), 8.00 (1H, s). 

15 

EXAMPLE 57 

3-[(Methylsulfonyl)[3-(3,4,8,9-tetrahydro-6^ 
propanesulfonamide hydrochloride 

20 

[0768] N-[(dimethylamino)methylene]-3-[(methylsulfonyl)[3-(3,4 l 8 > 9-tetrahydro-6-methoxy-3,3 l 8,8-tetramethylfuro 
[2,3-h]isoquinolin-1-yl)phenyl]amino]propanesulfonamide (625 mg, 1 .03 mmol) was dissolved in 2 M hydrochloric acid 
(2 mL), and heated under reflux for 30 minutes. The reaction mixture was neutralized with sodium hydrogen carbonate, 
diluted with water, and extracted twice with ethyl acetate. The combined organic layer was washed with water and 
25 brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure to obtain a free base of the title 
compound. This was dissolved in methanol (2 mL), and concentrated under reduced pressure to obtain the title com- 
pound (582 mg, Yield: 96%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 6 1 .20 (3H, s), 1 .23 (3H, s), 1 .45 (3H, s), 1 .48 (3H, s), 1 .70-1 .90 (2H, m), 2.05 (1 H, d, J = 1 6.6 
30 Hz), 2.31 (1H, d, J = 16.6 Hz), 2.95-3.20 (2H, m), 3.11 (3H, s), 3.18 (2H, br s), 3.81 (2H, t, J = 6.1 Hz), 3.94 (3H, s), 
6.84 (2H, brs), 7.10 (1H, s), 7.50-7.82 (4H, m), 12.80-12.95 (1H, br). 

EXAMPLE 58 

35 2-[(Methylsulfonyl)[3-(3,4,8,9-tetrahydro-6-methoxy-3,3 l 8 l 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]amino] 
acetamide 

[0769] Potassium tert-butoxide (90%) (225 mg, 1 .8 mmol) was added to a solution of N-[3-(3,4,8,9-tetrahydro-6-meth- 
oxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)phenyl]methanesulfonamide (643 mg, 1 .50 mmol) in tetrahydrofuran 

40 (5 mL) and the mixture was stirred at room temperature for 5 minutes. 2-Bromoacetamide (290 mg, 2.10 mmol) was 
added to the resultant mixture and the mixture was stirred at 60 °C for 1 hour. Potassium tert-butoxide (90%) (56 mg, 
0.45 mmol) and 2-bromoacetamide (62 mg, 0.45 mmol) were added to the mixture and the mixture was stirred at 60 
°C for 30 minutes. The reaction mixture was cooled with ice, combined with water, and extracted twice with ethyl 
acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and con- 

45 centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (ethyl 
acetate), and crystallized from ethyl acetate-diethyl ether to obtain the title compound (469 mg, Yield: 64%). 
Melting point: 190-191 °C. 

1 H NMR (CDCI3) 8 1 .25 (6H, br s), 1 .32 (6H, s), 2.26 (2H, br s), 2.70 (2H, s), 3.09 (3H, s), 3.92 (3H, s), 4.32 (2H, s), 
5.36-5.58 (1H, br), 6.08-6.28 (1H, br), 6.61 (1H, s), 7.38-7.56 (4H, m). 

50 

EXAMPLE 59 

S-tP-tS^.B.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hjisoquinolin-l-yOphenyljaminolcarbonyllbenzoic 
acid 

55 

[0770] A solution of phthalic anhydride (222 mg, 1 .50 mmol) in tetrahydrofuran (2 mL) was added to a solution of 
3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine (526 mg, 1,50 mmol) in 
tetrahydrofuran (3 mL), and stirred at room temperature for 15 minutes. The reaction mixture was combined with di- 
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isopropyl ether, and crystals were recovered by filtration and recrystallized from ethanol- ethyl acetate to obtain the 
title compound(630 mg, Yield: 84%). 
Melting point: 194-197 °C. 

1 H NMR (DMSO-d 6 ) 5 1.15 (6H, s), 1.24 (6H, s), 2.35 (2H, br s), 2.66 (2H, brs), 3.82 (3H, s), 6.82 (1H, s), 7.08 (1H, 
5 d, J = 7.6 Hz), 7.37 (1 H, t, J = 7.7 Hz), 7.50-7.65 (3H, m), 7.67 (1 H, d, J = 7.8 Hz), 7.81 (1 H, s), 7.83-7.90 (1 H, m), 
10.46 (1H, brs). 

EXAMPLE 60 

io 2-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2,3-h]isoquinolin-^ 

[0771] A mixture of 3-(3,4,8 t 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzenamine 
(491 mg, 1.40 mmol) and phthalic anhydride (208 mg, 1.40 mmol) in xylene (3 mL) was heated under reflux for 10 
minutes. The reaction mixture was dissolved in ethyl acetate, washed with water, a saturated aqueous solution of 
15 sodium hydrogen carbonate and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1 followed by 1 :2), and 
crystallized from ethyl acetate-hexane to obtain the title compound (439 mg, Yield: 65%). 
Melting point: 162-168 °C. 

1 H NMR (CDCI 3 ) 5 1 .25 (6H, s), 1 .37 (6H, s), 2.10-2.80 (2H, br), 2.68 (2H, s), 3.92 (3H, s), 6.60 (1H, s), 7.44-7.61 (4H, 
20 m), 7.73-7.84 (2H, m), 7.88-7.99 (2H, m). 

EXAMPLE 61 

6-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-5H-pyrrolo[3,4 
25 5,7(6H)-dione 

[0772] A mixture of 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzenamine 
(701 mg, 2.00 mmol) and 2,3-pyridinedicarboxylic anhydride (298 mg, 2:00 mmol) in tetrahydrofuran (4 mL) was stirred 
at room temperature for 1 5 minutes. The reaction mixture was combined with diethyl ether, and crystals were recovered 

30 by filtration. This was suspended in acetic anhydride (4 mL), and stirred at 1 00 °C for 1 hour. The reaction mixture was 
concentrated under reduced pressure, and the residue was combined with ethyl acetate and a saturated aqueous 
solution of sodium hydrogen carbonate, stirred vigorously, and diluted with water, and then the organic layer was 
separated, and the aqueous layer was extracted with ethyl acetate. The combined organic layer was washed with 
water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was sub- 

35 jected to a column chromatography on a silica gel (hexane/ethyl acetate 1 :3) to obtain the title compound (724 mg, 75%). 
Amorphous. 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .38 (6H, s), 2.25-2.60 (2H, br), 2.69 (2H, s), 3.93 (3H, s), 6.61 (1 H, s), 7.46-7.60 (4H, 
m), 7.70 (1H, dd, J = 7.7, 4.8 Hz), 8.26 (1H, dd, J = 7.7, 1.5 Hz), 9.05 (1H, dd, J = 4.8, 1.5 Hz). 

40 EXAMPLE 62 

2-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetram 
1,3(2H)-dione 

45 [0773] The title compound was obtained using 3,4-pyridinedicarboxylic anhydride by the method similar to that in 
Example 61 . Yield: 77%. 

Melting point: 123-129 °C (decomposition) (ethyl acetate-hexane). 

1 H NMR (CDCI3) 8 1 .26 (6H, s), 1 .38 (6H, s), 2.15-2.70 (2H, br), 2.69 (2H, S), 3.92 (3H, s), 6.61 (1 H, s), 7.42-7.63 (4H, 
m), 7.84 (1H, dd, J = 4.8, 0.8 Hz), 9.14 (1H, d, J = 4.8 Hz), 9.24 (1H, d, J = 0.8 Hz). 

50 

EXAMPLE 63 

4-[P-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]amino]carbonyl]- 
1-piperidinecarboxylic acid 1 ,1-dimethylethyl ester 

55 

[0774] 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1 .00 g, 5.22 mmol) was added to a solution of 
N-(tert-butoxycarbonyl)isonipecotic acid (1.01 g, 4.41 mmol) and 1-hydroxy-1H-benzotriazoJe monohydrate (678 mg, 
4.43 mmol) in N,N-dimethylformamide(1 5 mL) and the mixture wasstirred at room temperature fori hour. 3-(3, 4,8, 9-Tet- 
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rahydro-e-methoxy-a.a.S^-tetramethylfurop.S-hlisoquinolin-l -yl)benzenamine (1 .41 g, 4.02 mmol) was added to the 
resultant mixture and the mixture was stirred at room temperature for 4 hours. The reaction mixture was combined 
with a saturated sodium hydrogen carbonate and water, and extracted twice with ethyl acetate. The combined organic 
layer was washed with water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
5 The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 3:1 , 1 :1 followed by 1 : 
2). This was dissolved in ethyl acetate and washed with a 2% aqueous solution of acetic acid (twice), water and a 
saturated aqueous solution of sodium hydrogen carbonate, dried over sodium sulfate, filtered, and concentrated under 
reduced pressure to obtain the title compound (1 .83 g, Yield: 81%). 
Amorphous. 

10 1H NMR (CDCI 3 ) 5 1.23 (6H, br s), 1.32 (6H, s), 1.46 (9H, s), 1.60-1.92 (4H, m), 2.22-2.42 (1H, m), 2.30 (2H, s), 
2.62-2.85 (2H, m), 2.68 (2H, br s), 3.92 (3H, s), 4.06-4.29 (2H, m), 6.60 (1H, s), 7.05 (1H, d, J = 7.6 Hz), 7.25-7.36 
(1H, m), 7.48 (1H, s), 7.63-7.85 (2H, m). 

EXAMPLE 64 

15 

N-[3-(3 ( 4 t 8,9-Tetrahydro-6-methoxy^ 
dihydrochloride 

[0775] 4 M solution of hydrogen chloride/ethyl acetate (2.0 ml_) was added to a solution of 4-[[[3-(3,4,8,9-tetrahydro- 
20 6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoNn-1 -yl)phenyl]amino]carbonyl]-1 -piperidinecarboxylic acid 1 ,1 -dime- 
thylethyl ester (1 .44 g, 2.56 mmol) in ethyl acetate (15 mL) and the mixture was stirred at room temperature for 1 .5 
hours, and then at 60 °C for 1 hour. Ethanol (3 mL) was added to the resultant mixture and the mixture was stirred at 
60 °C for 1 hour. The reaction mixture was cooled, and the crystals were recovered by filtration to obtain the title com- 
pound (774 mg, 57%). 
25 Melting point: 217-224 °C. 

1 H NMR (DMSO-d 6 ) 5 1.23 (6H, s), 1.44 (6H, br s), 1 .68-2.07 (4H, m), 2.10-2.50 (2H, m), 2.65-3.40 (7H, m), 3.95 (3H, 
S), 7.11 (1H, s), 7.31 (1H, d, J = 8.2 Hz), 7.59 (1H, t, J = 8.2 Hz), 7.86 (1H, d, J = 8.2 Hz), 8.03 (1H, s), 8.70-9.35 (2H, 
m), 10.78-10.90 (1H, m), 12.50-12.80 (1H, br). 

30 EXAMPLE 65 

N-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-4-pyridineacetamide 

[0776] Triethylamine (0.77 mL, 5.5 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (537 
35 mg, 2.80 mmol) were added to a solution of 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylf uro[2,3-h]isoquinolin- 
1-yl)benzenamine (701 mg, 2.00 mmol), 4-pyridineacetic acid hydrochloride (417 mg, 2.40 mmol) and 1-hydroxy-1 H- 
benzotriazole monohydrate (368 mg, 2.40 mmol) in N,N-dimethylformamide (10 mL) and the mixture was stirred at 
room temperature for 1 hour. The mixture was combined with water and a saturated aqueous solution of sodium hy- 
drogen carbonate, and extracted twice with a mixture of ethyl acetate/m ethanol (5:1). The combined organic layer was 
40 washed twice with water, and concentrated under reduced pressure. The residue was recrystallized from ethanol- 
diethyl ether to obtain the title compound (523 mg, yield: 56%). 
Melting point: 124-128 °C. 

1 H NMR (CDCI3) 8 1.23 (6H, br s), 1.30 (6H, s), 2.27 (2H, s), 2.67 (2H, brs), 3.67 (2H, s), 3.92 (3H, s), 6.60 (1H, s), 
7.03-7.1 0 (1 H, m), 7.24-7.40 (4H, m), 7.67-7.74 (1 H, m), 7.91 (1 H, br s), 8.60 (2H, d, J = 5.8 Hz). 

45 

EXAMPLE 66 

N-[3-(3 f 4,8 t 9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfurot2,3-h]isoquinolin-1-yl)phenyl]-3-pyridineacetamide 

so [0777] The title compound was obtained using 3-pyridineacetic acid hydrochloride by the method similar to that in 
Example 65. Yield: 70%. 

Melting point: 122-127 °C (ethanol-diethyl ether). 

1H NMR (CDCI3) 5 1.23 (6H, brs), 1.30 (6H, s), 2.26 (2H, s), 2.67 (2H, s), 3.67 (2H, s), 3.91 (3H, s), 6.59 (1H, s), 7.06 
(1H, d, J = 7.4 Hz), 7.24-7.37 (3H, m), 7.64-7.80 (3H, m), 8.52-8.58 (2H, m). 

55 
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EXAMPLE 67 

N-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetrameth^^ 

5 [0778] The title compound was obtained using 2-pyridineacetic acid hydrochloride by the method similar to that in 
Example 65. Yield: 75%. 

Melting point: 176-177 °C (ethanol-diethyl ether). 

1 H NMR (CDCI 3 ) 5 1 .24 (6H, brs), 1 .29 (6H, s), 2.27 (2H, s), 2.68 (2H, s), 3.87 (2H, s), 3.92 (3H, s), 6.60 (1H, s), 7.07 
(1 H, dt, J = 7.7, 1 .3 Hz), 7.21 -7.37 (3H, m), 7.42 (1 H, t, J = 1 .6 Hz), 7.71 (1 H, td, J = 7.7, 1 .9 Hz), 7.80 (1 H, ddd, J = 
10 8.2, 2.0, 0.8 Hz), 8.63 (1H, ddd, J = 4.9, 1.8, 1.1 Hz), 9.82 (1H, brs). 

EXAMPLE 68 

[[4-[[[3-(3,4,8,9Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]amino]carbonyl]phenyl] 
*5 methyl]phosphonic acid diethyl ester hydrochloride 

[0779] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1 .55 g, 8.09 mmol) and triethylamine (1 .0 mL, 
7.2 mmol) were added to a solution of S-fS^.S^-tetrahydro-e-methoxy-S.S^.S-tetramethylfuro^.S-hlisoquinolin-l-yl) 
benzenamine (2.1 8 g, 6.22 mmol), 4-[(diethoxyphosphinyl)methyl]benzoic acid (1 .86 g, 6.83 mmol) and 1-hydroxy-1 H- 

20 benzotriazole monohydrate (1 .05 g, 6.86 mmol) in N,N-dimethylformamide (30 mL) and the mixture was stirred at room 
temperature for 1 7 hours. The reaction mixture was combined with water and a saturated aqueous solution of sodium 
hydrogen carbonate, and extracted with ethyl acetate 3 times. The combined organic layer was washed with water 
and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a basic silica gel (hexane/ethyl acetate 2:1, 1:1 , 1:3, followed by 1:10) to obtain a free 

25 base of the title compound. This was dissolved in ethyl acetate (20 mL), combined with 0.8 M solution of hydrogen 
chloride/methanol (8.5 mL), and concentrated under reduced pressure. The residue was recrystallized from ethanol- 
ethyl acetate to obtain the title compound (3.23 g, Yield: 81%). 
Melting point: 196-200 °C (decomposition). 

1 H NMR (DMSO-d 6 ) 5 1.18 (6H, t, J = 7.1 Hz), 1.25 (6H, brs), 1.37-1.58 (6H, m), 2.16-2.57 (2H, m), 3.05-3.35 (2H, 
30 m), 3.35 (2H, d, J = 22.0 Hz), 3.89-4.05 (4H, m), 3.96 (3H, s), 7.12 (1H, s), 7.34-7.48 (3H, m), 7.65 (1H, t, J = 8.1 Hz), 
7.97 (2H, d, J = 8.0 Hz), 8.05-8.1 6 (2H, m), 10.69 (1H, brs), 12.60-12.80 (1H, br). 

EXAMPLE 69 

35 [[4-[[[3-(3,4,8,9-Tetrahydro-6-methoxy-^ 
methyljphosphonic acid 

[0780] A solution of [[4-[[[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]am 
no]carbonyl]phenyl]methyl]phosphonic acid diethyl ester hydrochloride (1.60 g, 2.50 mmol) in dichloromethane (10 
40 mL) was treated dropwise with trimethylsilyl bromide (1 .0 mL, 7.6 mmol), and stirred at room temperature for 22 hours. 
The reaction mixture was concentrated under reduced pressure, and the residue was dissolved in methanol (7.5 mL) 
and diethyl ether (10 mL). Propylene oxide (7.5 mL) was added to the resultant solution and the mixture was stirred 
at room temperature. The precipitated crystals were recovered by filtration to obtain the title compound (1 .31 g, Yield: 
96%). 

45 Melting point: 237-241 °C. 

1 H NMR (DMSO-d 6 ) 5 1 .20 <6H, s), 1 .22 (6H, s), 2.34 (2H, br s), 2.73 (2H, br s), 3.00 (2H, d, J = 21 .2 Hz), 3.84 (3H, 
s), 6.86 (1 H, s), 7.11 (1 H, d, J = 7.8 Hz), 7.33-7.46 (3H, m), 7.82-7.97 (4H, m), 10.32 (1 H, br s). 

EXAMPLE 70 

50 

2-Methyl-N-[3-(3,4,8,9-tetrahydro-6-^ 
2-[(2,2,2-trifluoroacetyl)amino]propanamide hydrochloride 

[0781] The title compound was obtained using 2-methyl-2-[(2,2,2-trifluoroacetyl)amino]propionic acid by the method 
55 similar to that in Example 68. Yield: 89%. 

Melting point: 210-217 °C (decomposition) (methanol-ethyl acetate). 

1 H NMR (DMSO-d 6 ) 5 1.23 (6H, s), 1.30-1.60 (6H, m), 1.53 (6H, s), 2.10-2.53 (2H, m), 3.00-3.35 (2H, m), 3.95 (3H, 
s), 7.1 1 (1 H, s), 7.35 (1 H, d, J = 8.0 Hz), 7.59 (1 H, t, J = 8.0 Hz), 7.91 (1 H, s), 7.98 (1 H, d, J = 8.0 Hz), 9.44 (1 H, br s), 
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10.16 (1H, brs), 12.60-12.80 (1H, brs). 
EXAMPLE 71 

5 2-Amino-2-methyl-N-[3-(3,4,8,9-tetrahydro-6-meth^^ 
propanamide 

[0782] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (4.98 g, 26.0 mmol) was added to a solution of 
3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetrar^^^ (7.01 g, 20.0 mmol), 

10 2-methyl-2-[(2 ( 2,2-trifluoroacetyl)amino]propionic acid (4.38 g, 22.0 mmol) and 1-hydroxy-1H-benzotriazole monohy- 
drate (3.37 g, 22.0 mmol) in N,N-dimethylformamide (75 mL) and the mixture was stirred at room temperature for 4.5 
hours, and then at 45 °C for 30 minutes. The reaction mixture was combined with water and a saturated aqueous 
solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed 
twice with water, and concentrated under reduced pressure. The residue was dissolved in ethanol (40 mL), combined 

15 with 2 M aqueous solution of sodium hydroxide (25 mL, 50 mmol), and heated under reflux for 1 .5 hours. The reaction 
mixture was concentrated under reduced pressure, and the residue was combined with water, and extracted twice with 
ethyl acetate. The combined organic layer was washed twice with water, treated with activated charcoal, filtered, and 
concentrated under reduced pressure. The residue was crystallized from ethyl acetate-hexane to obtain the title com- 
pound (7.28 g, Yield: 84%). 

20 Melting point: 175-177 °C. 

1H NMR (CDCI 3 ) 5 1.24 (6H, brs), 1.32 (6H, s), 1.45 (6H, s), 2.30 (2H, s), 2.67 (2H, brs), 3.92 (3H, s), 6.60 (1H, s), 

7.04- 7.1 0 (1 H, m), 7.33 (1 H, t, J = 8.1 Hz), 7.55 (1 H, t, J = 2.0 Hz), 7.83 (1 H, ddd, J = 8.1 , 2.0, 1 .0 Hz), 9.93 (1 H, br s). 

EXAMPLE 72 

25 

5.5- Dimethyl-3-[3-(3,4,8 l 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 l 3-h]isoquinolin-1-yl)phenyl]- 
2,4-imidazolidinedione 

[0783] N.N'-carbonyldiimidazole (426 mg, 2.63 mmol) was added to a solution of 2-amino-2-methyl-N-[3-(3,4,8,9-tet- 
30 rahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]propanamide (1.09 g, 2.50 mmol) in N,N- 
dimethylformamide (10 mL) and the mixture was stirred at room temperature for 2 hours. The reaction mixture was 
combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with ethyl 
acetate. The combined organic layer was washed twice with water, and concentrated under reduced pressure. The 
residue was crystallized from ethyl acetate-diethyl ether to obtain the title compound (686 mg, Yield: 59%). 
35 Melting point: 289-294 °C. 

1H NMR (CDCI3) 8 1.28 (6H, brs), 1.33 (12H, s), 2.36 (2H, brs), 2.70 (2H, s), 3.92 (3H, s), 6.61 (1H, s), 7.16 (1H, br 
s), 7.30-7.51 (3H, m), 7.56-7.60 (1H, m). 

EXAMPLE 73 

40 

3-[3-(3,4,8,9-Tetrahydro-6-metho^ 

[0784] S-tS^.S.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoquinolin-l-yObenzenamine (3.51 g, 10.0 
mmol) was added to a solution of ethyl isocyanatoacetate (1.42 g, 11.0 mmol) in tetrahydrofuran (15 mL) and the 

45 mixture was heated under reflux for 15 minutes. The reaction mixture was concentrated under reduced pressure, and 
the residue was dissolved in 5 M hydrochloride (20 mL). The resultant mixture was stirred at 80 °C for 2 hours. The 
mixture was cooled with ice, neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The 
combined organic layer was washed twice with water, and concentrated under reduced pressure. The residue was 
recrystallized from ethyl acetate-hexane, and furthermore recrystallized from methanol-acetate-hexane to obtain the 

50 title compound (2.50 g, Yield: 58%). 
Melting point: 214-216 °C. 

1H NMR (CDCI3) 5 1.25 (6H, s), 1.33 (6H, s), 2.37 (2H, brs), 2.68 (2H, s), 3.92 (3H, s), 4.04 (2H, s), 6.22 (1H, brs), 
6.60 (1H,s), 7.39-7.57 (4H, m). 

55 
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EXAMPLE 74 

1-Methyl-3-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8^^ 
2,4-imidazolidinedione 

5 

[0785] Sodium hydride (66% suspension in oil) (80 mg, 2.2 mmol) was added to a solution of 3-[3-(3,4,8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]^ (867 mg, 2.00 mmol) in N,N- 

dimethylformamide (4 mL) with cooling in ice, and the mixture was stirred at room temperature for 15 minutes. The 
resultant mixture was cooled with ice, treated dropwise with iodomethane (0.19 mL, 3.1 mmol), and stirred at room 
10 temperature for 45 minutes. The reaction mixture was combined with water, and extracted twice with ethyl acetate. 
The combined organic layer was washed twice with water, and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 2:1 followed by 1 :2) to obtain 
the title compound (724 mg, Yield: 81%). 
Amorphous. 

15 1H NMR (CDCI 3 ) 6 1 .24 (6H, s), 1 .33 (6H, s), 2.38 (2H, br s), 2.67 (2H, s), 3.07 (3H, s), 3.91 (3H, s), 4.01 (2H, s), 6.59 
(1H.S), 7.39-7.55 (4H, m). 

EXAMPLE 75 

20 2,4-Dioxo-3-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]- 
1 -imidazolidineacetic acid methyl ester 

[0786] The title compound was obtained using methyl bromoacetate by the method similar to that in Example 74. 
Yield: 77%. 
25 Amorphous. 

1 H NMR (CDCI3) 5 1 .24 (6H, s), 1.33 (6H, s), 2.37 (2H, brs), 2.67 (2H, s), 3.79 (3H, s), 3.92 (3H, s), 4.16 (2H, s), 4.24 
(2H, s), 6.60 (1H, s), 7.40-7.56 (4H, m). 

EXAMPLE 76 

30 

N-methyl-S-p^S^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoquinolin-l-ylJphenyll^^-dioxo- 
1 -imidazolidineacetamide 

[0787] 5 M aqueous solution of sodium hydroxide (1 .5 mL) was added to a solution of 3-[3-(3,4,8,9-tetrahydro-6-meth- 
35 oxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-2,4-dioxo-1 -imidazolidineacetic acid methyl ester (1.87 g, 
3.70 mmol) in methanol (1 0 mL) and the mixture was stirred at room temperature for 1 5 minutes. 2 M hydrochloric acid 
was added to the reaction mixture and the reaction mixture was concentrated under reduced pressure. The residue 
was combined with ethanol, and the insolubles were filtered off, and filtrate was concentrated under reduced pressure. 
The same procedure was repeated twice, and then suspended in ethanol-ethyl acetate, filtered, and concentrated 
40 under reduced pressure to obtain an amorphous material (2.08 g) containing 3-[3-(3,4,8,9-tetrahydro-6-methoxy- 
3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)phenyl]-2,4-dioxo-1 -imidazolidineacetic acid. 

[0788] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (31 2 mg, 1 .63 mmol) and 40% solution of meth- 
ylamine/methanol (0.27 mL, 6.6 mmol) were added to a solution of 700 mg of the material and 1 -hydroxy- 1H-benzo- 
toriazole monohydrate (211 mg, 1 .38 mmol) in N,N-dimethylformamide (1 0 mL) with cooling in ice and the mixture was 

45 stirred at room temperature for 43 hours. The reaction mixture was combined with water and a saturated aqueous 
solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed 
twice with water, and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (hexane/ethyl acetate 1 :1 followed by ethyl acetate) to obtain the title compound (289 mg, Yield: 
46%). 

50 Amorphous. 

1 H NMR (CDCI3) 8 1,24 (6H, s), 1.33 (6H, s), 2.37 (2H, brs), 2.67 (2H, s), 2.81 (3H, d, J = 5.2 Hz), 3.92 (3H, s), 4.00 
(2H, s), 4.18 (2H, s), 6.10-6.25 (1H, m), 6.60 (1H, s), 7.38-7.56 (4H, m). 

EXAMPLE 77 

55 

l-II.V-BiphenyO-S-yl-S^.S.g-tetrahydro-e-methoxy-S.S.e.S-tetramethylfuro^.S-hjisoquinoline 

[0789] A solution of phenylboronic acid (219 mg, 1 .80 mmol) in ethanol (2 mL), a solution of sodium carbonate (21 0 
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mg, 1 .98 mmol) in water (2 mL) and tetrakis(trjphenylphosphine)palladium(0) (58 mg, 0.050 mmol) were added to a 
solution of I^S-bromophenyO-S^.S^^etrahydro-e-methoxy-S.a.S.B-tetramethylfurop.a-hJisoquinoline (497 mg, 1.20 
mmol) in 1 ,2-dimethoxyethane (6 mL) and the mixture was stirred at 80 °C for 15 hours under nitrogen atmosphere. 
The reaction mixture was combined with water, and extracted twice with ethyl acetate. The combined organic layer 
5 was washed with water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The 
residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1), and crystallized 
from hexane to obtain the title compound (353 mg, Yield: 71%). 
Melting point: 141-142 °C. 

1 H NMR (CDCI 3 ) 5 1 .27 (6H, s), 1 .30 (6H, s), 2.26 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.63 (1 H, s), 7.28-7.51 (5H, m), 
10 7.57-7.66 (4H, m). 

EXAMPLE 78 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-[3-(4-pyridinyl)phenyl]furo[2,3-h]isoquinoline 

15 

[0790] The title compound was obtained using 4-pyridinylboronic acid by the method similar to that in Example 77. 
Yield: 69%. 

Melting point: 148-150 °C (diisopropyl ether-hexane). 

1 H NMR (CDCI3) 5 1 .28 (6H, s), 1 .30 (6H, s), 2.23 (2H, s), 2.72 (2H, s), 3.93 (3H, s), 6.64 (1 H, s), 7.44-7.57 (4H, m), 
20 7.64-7.72 (2H, m), 8.66 (2H, d, J = 6.2 Hz). 

EXAMPLE 79 

S^.S^-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-^^-quinolinyOphenyllfurop.S-hlisoquinoline 

25 

[0791] Hexamethylditin (879 mg, 2.68 mmol) was added to a suspension of 1-(3-bromophenyl)-3,4,8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2 J 3-h]isoquinoline (1 .04 g, 2.51 mmol), 2-quinolinyl trifluoromethanesulfonate (731 
mg, 2.64 mmol), lithium chloride (319 mg, 7.53 mmol) and tetrakis(triphenylphosphine)palladium(0) (145 mg, 0.125 
mmol) in 1 ,4-dioxane (15 mL), and stirred at 100 °C for 15.5 hours under nitrogen atmosphere. The reaction mixture 

30 was poured into a mixture of a 1 0% aqueous solution of potassium fluoride (25 mL)/ethyl acetate (25 mL), and stirred 
at room temperature for 2 hours. The insolubles were filtered off, and the organic layer was separated, and the aqueous 
layer was extracted with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
silica gel (hexane/ethyl acetate 20:1 , 5:1 followed by 3:1), and crystallized from ethyl acetate- hexane to obtain the title 

35 compound (529 mg, Yield: 46%). 
Melting point: 167-169 °C. 

1 H NMR (CDCI3) 8 1 .28 (6H, s), 1 .29 (6H, s), 2.34 (2H, s), 2.74 (2H, s), 3.94 (3H, s), 6.65 (1 H, s), 7.48-7.62 (3H, m), 
7.73 (1H, ddd, J = 8.4, 6.9, 1.5 Hz), 7.80-7.87 (1H, m), 7.93 (1H, d, J = 8.4 Hz), 8.13-8.26 (3H, m), 8.29 (1H, dt, J = 
7.0, 1.8 Hz). 

40 

EXAMPLE 80 

S-tS^.S^-Tetrahydro-e-methoxy-S.S.S.B-tetramethylfuro^.S-hjisoquinolin-l-ylJbenzoic acid hydrochloride 

45 [0792] 5 M aqueous solution of sodium hydroxide (2.0 mL, 10 mmol) was added to a suspension of 3-(3,4,8 ) 9-tet- 
rahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hjisoquinolin-l-ylJbenzoic acid methyl ester (1 .81 g, 4.60 mmol) in eth- 
anol (5 mL) and the mixture was stirred at room temperature for 4 hours. 1 M hydrochloric acid (10 mL, 20 mmol) was 
added to the reaction mixture and the resultant mixture was concentrated under reduced pressure. The residue was 
combined with ethanol, and the insolubles were filtered off using Hyflo Super-Cell (trade name), and the filtrate was 

50 concentrated under reduced pressure. The same procedure was repeated twice, and then the residue'was recrystal- 
lized from ethanol- ethyl acetate to obtain the title compound (1 ,92 g, quantitative). 
Melting point: 184-191 °C. 

1 H NMR (DMSO-d 6 ) 5 1.21 (6H, br s), 1.46 (6H, brs), 2.05-2.25 (2H, m), 3.17 (2H, br s), 3.95 (3H, s), 7.11 (1H, s), 
7.77 (1 H, t, J = 7.6 Hz), 7.86 (1 H, d, J = 7.6 Hz), 8.1 7 (1 H, s), 8.27 (1 H, s). 

55 
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EXAMPLE 81 

4-(3,4 1 8,9-Tetrahydro-6-methoxy-3,3 p 8,8-tetram acid hydrochloride 

5 [0793] The title compound was obtained from 4-(3 ) 4,8,9-tetrahydro-6-methoxy-3,3 ) 8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)benzoic acid methyl ester by the method similar to that in Example 80. Yield: 83%. 
Melting point: 195-204 °C (ethanol-ethyl acetate). 

1 H NMR (DMSO-d 6 ) 8 1 .31 (6H, s), 1.74 (6H, s), 2.15 (2H, s), 3.10 (2H, s), 4.03 (3H, s), 6.76 (1H, s), 7.66 (2H, d, J = 
8.3 Hz), 8.11 (2H, d, J = 8.3 Hz). 

10 

EXAMPLE 82 

4-(6-Ethoxy-3,4 l 8 ) 9-tetrahydro-3 l 3,8 J 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoic acid hydrochloride 

15 [0794] The title compound was obtained from 4-(6-ethoxy-3 l 4,8,9-tetrahydro-3 > 3,8 I 8-tetramethylfuro[2,3-h]isoquin- 
olin-1-yl)benzoic acid methyl ester by the method similar to that in Example 80. Yield: 99%. 
Melting point: 206-217 °C (ethanol-ethyl acetate). 

1H NMR (DMSO-d 6 ) 5 1.23 (6H, s), 1.37 (3H, t, J = 6.9 Hz), 1.46 (6H, s), 2.16 (2H, s), 3.17 (2H, s), 4.25 (2H, q, J = 
6.9 Hz), 7.10 (1H, s), 7.75 (2H, d, J = 8.3 Hz), 8.16 (2H, d, J = 8.3 Hz). 

20 

EXAMPLE 83 

N-(4-Methoxyphenyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3 ) 3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 

25 [0795] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (300 mg, 1 .56 mmol) was added to a solution 
of 4-(3,4,8,9-tetrahydro-6-methoxy-3 l 3,8 l 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoic acid hydrochloride (500 mg, 
1 .20 mmol) and 1 -hydroxy-1 H-benzotriazole monohydrate (202 mg, 1 .32 mmol) in N,N-dimethylformamide (3 mL) with 
cooling in ice and the mixture was stirred for 20 minutes. 4-Methoxyaniline (177 mg, 1.44 mmol) was added to the 
resultant mixture at the same temperature, and the mixture was stirred at room temperature for 2 hours. The reaction 

30 mixture was combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed 
with water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 2:1 followed by 1 :1), and recrystal- 
lized from ethyl acetate-hexane to obtain the title compound (442 mg, Yield: 76%). 
Melting point: 120-122 °C. 

35 1H NMR (CDCI 3 ) 5 1.26 (6H, s), 1 .32 (6H, s), 2.22 (2H, s), 2.71 (2H, s), 3.83 (3H, s), 3.93 (3H, s), 6.63 (1H, s), 6.93 
(2H, d, J = 8.8 Hz), 7.52 (2H, d, J = 8.6 Hz), 7.57 (2H, d, J = 9.2 Hz), 7.84 (1 H, br s), 7.90 (2H, d, J = 8.4 Hz). 

EXAMPLE 84 

40 4-(3,4 I 8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 l 3-h]isoquinolin-1-yl)benzamide 

[0796] The title compound was obtained using 4 M solution of ammonia/methanol by the method similar to that in 
Example 83. Yield: 74%. 

Melting point: 229-231 °C (ethyl acetate-hexane). 
45 ih NMR (CDCI 3 ) 5 1.26 (6H, s), 1 .31 (6H, s), 2.19 (2H, s), 2.70 (2H, s), 3.93 (3H, s), 5.50-6.50 (2H, m), 6.62 (1H, s), 
7.49 (2H, d, J = 8.4 Hz), 7.84 (2H, d, J = 8.4 Hz). 

EXAMPLE 85 

so N-Methyl-4-(3 p 4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 

[0797] The title compound was obtained using a 40% aqueous solution of methylamine by the method similar to that 
in Example 83. Yield: 77%. 
Melting point: 168-169 °C (ethyl acetate-hexane). 
55 1H NMR (CDCI3) 5 1 .26 (6H, s), 1 .30 (6H, s), 2.17 (2H, s), 2.70 (2H, s), 3.04 (3H, d, J = 5.2 Hz), 3.92 (3H, s), 6.32-6.43 
(1H, m), 6.62 (1H, s), 7.45 (2H, d, J = 8.3 Hz), 7.78 (2H, d, J = 8.3 Hz). 
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EXAMPLE 86 

3- (3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetrame^ 

5 [0798] The title compound was obtained from S-tS^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoqui- 
nolin-1 -yl)benzoic acid hydrochloride and 4 M solution of ammonia/methanol by the method similar to that in Example 
83. Yield: 67%. 

Melting point: 219-220 °C (methanol-diisopropyl ether). 

1 H NMR (CDCI 3 ) 5 1 .25 (6H, br s), 1.30 (6H, s), 2.17 (2H, s), 2.69 (2H. s), 3.93 (3H, s), 5.30-6.60 (2H, m), 6.62 (1H, 
10 s) t 7.45-7.57 (2H, m), 7.84-7.87 (1 H, m), 7.90 (1 H, dt, J = 6.9, 2.1 Hz). 

EXAMPLE 87 

4- (6-Ethoxy-3 l 4 ) 8,9-tetrahydro-3 ) 3 ) 8 l 8-tetramethylfuro[2 ) 3-h]isoquinolin-1-yl)benzamide 

15 

[0799] The title compound was obtained from 4-(6-ethoxy-3,4 t 8 p 9-tetrahydro-3,3,8 p 8-tetramethylfuro[2 I 3-h]isoquin- 
olin-1-yl)benzoic acid hydrochloride and 4 M solution of ammonia/methanol by the method similar to that in Example 
83. Yield: 71%. 

Melting point: 179-182 °C (ethyl acetate-hexane). 
20 1H NMR (CDCI3) 5 1.25 (6H, s), 1.30 (6H, s), 1.46 (3H, t, J = 6.9 Hz), 2.17 (2H, s), 2.68 (2H, s), 4.19 (2H, q, J = 6.9 
Hz), 5.50-6.50 (2H, m), 6.61 (1 H, s), 7.28 (2H, d, J = 8.6 Hz), 7.84 (2H, d, J = 8.6 Hz). 

EXAMPLE 88 

25 N-Phenyl-4-(3,4,8,9-tetrahydro-6-methoxy-3 J 3,8 ) 8-tetramethylfuro[2 ) 3-h]isoquinolin-1-yl)benzamide hydrochloride 

[0800] 1 -Ethyl-3-(3-dimethylaminopropyl)caroodiimide hydrochloride (300 mg, 1 .56 mmol) was added to a solution 
of 4-(3,4,8,9-tetrahydro-6-methoxy-3,3 J 8 ( 8-tetramethylfuro[2,3-hlisoquinolin-1-yl)benzoic acid hydrochloride (500 mg, 
1 .20 mmol) and 1 -hydroxy-1 H-benzotriazole monohydrate (202 mg, 1 .32 mmol) in N,N-dimethylformamide (3 mL) with 

30 cooling in ice and the mixture was stirred for 25 minutes Aniline (0.1 3 mL, 1 .4 mmol) was added to the resultant mixture 
at the same temperature, and the mixture was stirred at room temperature for 2 hours. The reaction mixture was 
combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with ethyl 
acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hex- 

35 ane/ethyl acetate 2:1 followed by 1 :1 ) to obtain a free base of the title compound. This was dissolved in ethyl acetate 
(5 mL), combined with 0.8 M solution of hydrogen chloride/methanol (2.1 mL), and concentrated under reduced pres- 
sure to obtain the title compound (537 mg, Yield: 91%). 
Amorphous. 

1 H NMR (CDCI3) 5 1 .31 (6H, s), 1.64 (6H, s), 2.24 (2H, s), 3.07 (2H, s), 4.01 (3H, s), 6.72 (1H, s), 7.11 (1H, t, J = 7.4 
40 Hz), 7.33 (2H, t, J = 7.9 Hz), 7.60 (2H, d, J = 8.0 Hz), 7.92 (2H, d, J = 7.6 Hz), 8.1 8 (2H, d, J = 7.6 Hz), 9.96 (1 H, br s). 

EXAMPLE 89 

N,N-Dimethyl-4-(3,4 t 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 
45 hydrochloride 

[0801] The title compound was obtained using a 50% aqueous solution of dimethylamine by the method similar to 

that in Example 88. Yield: 88%. 

Amorphous. 

50 1 H NMR (CDCI3) 5 1 .36 (6H, s), 1 .69 (6H, s), 2.35 (2H, s), 3.01 (3H, br s), 3.05 (2H, s), 3.13 (3H, br s), 4.03 (3H, s), 
6.75 (1H, s), 7.61 (2H, d, J = 8.4 Hz), 7.72 (2H, d, J = 8.4 Hz), 14.20-14.60 (1H, br). 

EXAMPLE 90 

55 [f4-[[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoyl]amino]phenyl]methyl] 
phosphonic acid diethyl ester 

[0802] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (748 mg, 3.90 mmol) and triethylamine (1 .0 mL, 
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7.2 mmol) were added to a solution of a^a^^^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoqujnolin-l-yl) 
benzoic acid hydrochloride (1.37 g, 3.29 mmol), diethyl 4-aminobenzylphosphonate (730 mg, 3.00 mmol) and 1 -hy- 
droxys H-benzotriazole monohydrate (506 mg, 3.30 mmol) in N,N-dimethylformamide (15 mL) and the mixture was 
stirred at room temperature for 18 hours. The reaction mixture was combined with water and a saturated aqueous 
5 solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed 
twice with water and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (hexane/ethyl acetate 1 :1 followed by 1 :5) to obtain the title compound (1 .1 6 g, Yield: 64%). 
Amorphous. 

1H NMR (CDCI 3 ) 5 1 .25 (6H, s), 1 .25 (6H, t, J = 7.1 Hz), 1 .31 (6H. s), 2.22 (2H, s), 2.68 (2H, s), 3.14 (2H, d, J = 21 .6 
10 Hz), 3.92-4.10 (4H, m), 3.93 (3H, s), 6.63 (1H, s), 7.24-7.34 (2H, m), 7.46-7.53 (2H, m), 7.64 (2H, d, J = 8.0 Hz), 
7.94-8.02 (2H, m), 8.63 (1H, brs). 

EXAMPLE 91 

15 3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-furo[2,3-h]isoquinolinol hydrobromide 

[0803] 48% Hydrobromic acid (7.5 mL) was added to S^.S.g-tetrahydro-e-methoxy-S.S.S.B-tetramethyl-l -phenylfuro 
[2,3-h]isoquinoline (500 mg, 1 .49 mmol) and the mixture was stirred at 1 05 °C for 1 8 hours. The reaction mixture was 
cooled, and the precipitated crystals were recovered by filtration, washed with water, and then air-dried overnight to 
20 obtain the title compound (463 mg, Yield: 77%). 

1H NMR (DMSO-d 6 ) 5 1.23 (6H, s), 1.42 (6H, s), 2.15 (2H, s), 3.09 (2H, s), 6.79 (1H, s), 7.57-7.80 (5H, m), 11.2-11.4 
(1H, br), 12.1-12.4 (1H, br). 

EXAMPLE 92 

25 

3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-furo[2,3-h]isoquinolinol 

[0804] 48% Hydrobromic acid (45 mL) was added to 3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1 -phenylf uro 
[2,3-h]isoquinoline (3.02 g, 9.00 mmol) and the mixture was heated under reflux for 16 hours. The reaction mixture 
30 was cooled with ice, neutralized with cone, aqueous ammonia, diluted with water, and extracted with ethyl acetate 3 
times. The combined organic layer was washed with brine, dried over sodium sulfate, treated with activated charcoal, 
filtered and concentrated under reduced pressure. The residue was crystallized from ethyl acetate-diisopropyl ether 
to obtain the title compound (2.70 g, Yield: 93%). 
Melting point: 208-210 °C. 

35 1H NMR (CDCI3) 5 1 .26 (6H, s), 1 .28 (6H, s), 2.16 (2H, s), 2.66 (2H, s), 6.54 (1H, s), 7.38 (5H, m). 
EXAMPLE 93 

3,4,8,9-Tetrahydro-1-(4-hydroxyphenyl)-6-methoxy-3 l 3 l 8,8-tetramethyl-6-furo[2,3-h]isoquinolinol hydrobromide 

40 

[0805] The title compound was obtained from 3,4,8,9-tetrahydro-6-methoxy-1 -(4-methoxyphenyl)-3,3,8,8-tetrame- 
thylfuro[2,3-h]isoquinoline by the method similar to that in Example 91. Yield: 77%. 
Melting point: 194-200 °C. 

1 H NMR (DMSO-d 6 ) 5 1 .27 (6H, s), 1 .38 (6H, s), 2.34 (2H, s), 3.03 (2H, s), 6.77 (1 H, s), 6.99 (2H, d, J = 8.4 Hz), 7.46 
45 (2H, d, J = 8.4 Hz), 10.59 (1H, s), 11.17 (1H, brs), 11.80-11.95 (1H, br). 

EXAMPLE 94 

1-(3-Bromophenyl)-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-6-furo[2,3-h]isoquinolinol 

50 

[0806] The title compound was obtained from 1 -(3-bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl- 
furo[2,3-h]isoquinoline by the method similar to that in Example 92. Yield: 91%. 
Melting point: 202-208 °C (ethyl acetate-diisopropyl ether). 

1H NMR (CDCI3) 5 1 .25 (6H, s), 1 .32 (6H, s), 2.22 (2H, s), 2.63 (2H, s), 6.52 (1 H, s), 7.24 (1H, t, J = 7.6 Hz), 7.34 (1 H, 
55 dt, J = 7.6, 1 .4 Hz), 7.47-7.54 (1 H, m), 7.57 (1 H, t, J = 1 .4 Hz). 
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EXAMPLE 95 

Trifluoromethanesulfonic acid (3,4,8, Q-tetrahydro-a.a.S.S-tetramethyl-l-phenylfurop.S-hlisoquinolin-e-ylJester 

5 [0807] A solution of S^.e.Q-tetrahydro-S.S.S.S-tetramethyl-l -phenyl-6-furo[2,3-h]isoquinolinol (1 .03 g, 3.20 mmol) in 
pyridine (1 0 mL) was treated dropwise with trifluoromethanesulfonic anhydride (0.60 mL, 3.6 mmol) with cooling in ice, 
and stirred for 10 minutes. The reaction mixture was combined with water and a saturated aqueous solution of sodium 
hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed twice with water, 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 

10 gel (hexane/ethyl acetate 10:1) to obtain the title compound (1 .37 g, Yield: 94%). 
An oil. 

1 H NMR (CDCI 3 ) 5 1.25 (6H, s), 1.30 (6H, s), 2.23 (2H, s), 2.70 (2H, s), 6.94 (1H, s), 7.41 (5H, s). 
EXAMPLE 96 

15 

Trifluoromethanesulfonic acid (3,4,8, 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-6-yl)ester 
hydrochloride 

[0808] The title compound was obtained from trifluoromethanesulfonic acid (SAe^-tetrahydro-S.S.S.B-tetramethyl- 
20 1 -phenylfuro[2,3-h]isoquinolin-6-yl)ester by the method similar to that in Example 29. Yield: 84%. 
Melting point: 152-160 °C (methanol-ethyl acetate). 

1 H NMR (DMSO-d 6 ) 5 1.28 (6H, s), 1.43 (6H, brs), 2.32 (2H, s), 3.17 (2H, brs), 7.56 (1H, s), 7.57-7.83 (5H, m). 
EXAMPLE 97 

25 

S^.S.g-Tetrahydro-S.S.S.S-tetramethyl-l-phenylfurop.S-hlisoquinoline hydrochloride 

[0809] Formic acid (0.1 7 mL, 4.5 mmol) was added to a solution of trifluoromethanesulfonic acid (3,4,8,9-tetrahydro- 
3,3 J 8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)ester (1.00 g, 2.21 mmol), triethylamine (0.92 mL, 6.6 mmol), 

30 palladium(ll) acetate (9.9 mg, 0.044 mmol) and triphenylphosphine (23.1 mg, 0.0881 mmol) in N,N-dimethylformamide 
(4 mL) and the mixture was stirred at 60 °C for 3.5 hours under nitrogen atmosphere. The reaction mixture was combined 
with water, and extracted twice with ethyl acetate. The combined organic layer was extracted twice with 1 M hydrochloric 
acid. The combined aqueous layer was neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. 
The combined organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced 

35 pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 15:1 ) to 
obtain a free base of the title compound. The mixture was dissolved in ethyl acetate (3 mL), and combined with 0.8 M 
solution of hydrogen chloride/methanol (3.0 mL). The resultant mixture was concentrated under reduced pressure, and 
the residue was crystallized from ethyl acetate-diisopropyl ether to obtain the title compound (705 mg, Yield: 93%). 
Melting point: 167-179 °C. 

40 1H NMR (DMSO-d 6 ) 5 1.23 (6H, s), 1.46 (6H, s), 2.19 (2H, s), 3.16 (2H, s), 7.17 (1H, d, J = 8.1 Hz), 7.30 (1H, d, J = 
8.1 Hz), 7.62-7.84 (5H, m). 

EXAMPLE 98 

45 3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-1-[3-(4-pyridinyl)phenyl]-6-furo[2,3-h]isoquinolinol 

[0810] A solution of sodium carbonate (480 mg, 4.53 mmol) in water (5 mL) and tetrakis(triphenylphosphine)palla- 
dium(0) (105 mg, 0.0909 mmol) were added to a suspension of l-tS-bromophenyO-S^.S^-tetrahydro-S.S.S.S-tetram- 
ethyl-6-furo[2,3-h]isoquinolinol (725 mg, 1.81 mmol) and 4-pyridinyiboronic acid (334 mg, 2.72 mmol) in toluene (10 

so mL) and ethanol (3 mL) and the mixture was stirred at 90 °C for 15 hours under nitrogen atmosphere. The reaction 
mixture was cooled and combined with 1 M hydrochloric acid, and the insolubles were filtered off, and the organic layer 
was separated. The aqueous layer was neutralized with cone, aqueous ammonia, and extracted twice with ethyl ace- 
tate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (ethyl acetate followed 

55 by ethyl acetate/methanol 20: 1 ), and crystallized from ethyl acetate-diisopropyl ether to obtain the title compound (294 
mg, Yield: 41%). 
Melting point: 141-149 °C. 

1 H NMR (CDCI3) 8 1.27 (12H, s), 2.21 (2H, s), 2.67 (2H, s), 6.58 (1H, s), 7.43-7.58 (4H, m), 7.64-7.73 (2H, m), 8.66 
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(2H, d,J = 6.2 Hz). 
EXAMPLE 99 

5 3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-6-propoxy-1-[3-(4-^^ 

[0811] Sodium hydride (66% suspension in oil) (95 mg, 2.6 mmol) was added to a solution of 3,4,8,9-tetrahydro- 
S.S.e.S-tetramethyl-l-fS^-pyridinyOphenylJ-e-furop.S-hlisoquinolinol (812 mg, 2.00 mmol) and 1-iodopropane (0.59 
ml_, 6.0 mmol) in N,N-dimethylformamide (4 ml_) and the mixture was stirred at room temperature for 30 minutes. The 
io reaction mixture was poured into water, and extracted twice with ethyl acetate. The combined organic layer was washed 
with water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1 followed by 2:1), and recrys- 
tallized from ethyl acetate-hexane to obtain the title compound (614 mg, Yield: 70%). 
Melting point: 132-134 °C. 

15 1 H NMR (CDCI 3 ) 8 1 .04 (3H, t, J = 7.5 Hz), 1 .27 (6H, s), 1 .30 (6H, s), 1 .87 (2H, sixtet, J = 7.2 Hz), 2.21 (2H, s), 2.70 
(2H, s), 4.07 (2H, t, J = 6.9 Hz), 6.63 (1H, s), 7.43-7.57 (4H, m), 7.64-7.71 (2H, m), 8.66 (2H, d, J = 6.0 Hz). 

EXAMPLE 100 

20 2-[[3,4,8,9-Tetrahydro-3,3.8,8-tetramethyL 

[0812] The title compound was obtained using 2-bromoacetamide by the method similar to that in Example 99. Yield: 
63%. 

Melting point: 120-125 °C (ethyl acetate-hexane). 
25 1H NMR (CDCI3) 8 1.28 (6H, s), 1.30 (6H, s), 2.24 (2H, s), 2.71 (2H, s), 4.63 (2H, s), 5.55-5.85 (1H, br), 6.65 (1H, s), 
6.70-6.95 (1 H, br), 7.43-7.59 (4H, m), 7.64-7.73 (2H, m), 8.67 (2H, d, J = 6.4 Hz). 

EXAMPLE 101 

30 l-fS-BromophenylJ-e-ethoxy-S^.S.g-tetrahydro-S.S.B.e-tetramethylfurop.S-hJisoquinoline 

[0813] The title compound was obtained from l-JS-bromophenyO-S^.S.g-tetrahydro-S.S.S.S-tetramethyl-e-furo 

[2,3-h]isoquinolinol and iodomethane by the method similar to that in Example 99. Quantitative. 

Amorphous. 

35 1H NMR (CDCI3) 8 1.23 (6H, s), 1.34 (6H, s), 1.46 (3H, t, J = 7.1 Hz), 2.22 (2H, s), 2.66 (2H, s), 4.18 (2H, q, J = 7.1 
Hz), 6.60 (1 H, s), 7.25 (1 H, t, J = 7.5 Hz), 7.33 (1 H, dt, J = 7.5, 1 .7 Hz), 7.52 (1 H, dt, J = 7.5, 1 .7 Hz), 7.57 (1 H, t, J = 
1.7 Hz). 

EXAMPLE 102 

40 

1-(3-Bromophenyl)-6-ethoxy-3,43,9-tetrahydro-3 J 3 I 8 l 8-tetramethylfuro[2,3-h]isoquinoline hydrochloride 

[0814] The title compound was obtained from 1-(3-bromophenyl)-6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl- 
furo[2,3-h]isoquinoline by the method similar to that in Example 29. Yield: 74%. 
45 Melting point: 21 9-223 °C (sealed tube) (methanol-ethyl acetate-diethyl ether). 

1 H NMR (DMSO-d 6 ) 8 1 .25 (6H, s), 1 .37 (3H, t, J = 7.0 Hz), 1 .44 (6H, br s), 2.22 (2H, s), 3.12 (2H, br s), 4.24 (2H, q, 
J = 7.0 Hz), 7.08 (1H, s), 7.52-7.65 (2H, m), 7.88-7.99 (2H, m). 

EXAMPLE 103 

50 

l-JS-BromophenylJ-e-butoxy-S^.e.g-tetrahydro-S.S.S.S-tetramethylfurop.S-hlisoquinoline 

[0815] The title compound was obtained from l-JS-bromophenyO-S^.e^-tetrahydro-S.S.S.S-tetramethyl-e-furo 
[2,3-h]isoquinolinol and 1-iodobutane by the method similar to that in Example 99. Yield: 84%. 
55 Gummy. 

1 H NMR (CDCI3) 8 0.98 (3H, t, J = 7.2 Hz), 1 .23 (6H, s), 1 .33 (6H, s), 1 .38-1 .59 (2H, m), 1 .74-1 .90 (2H, m), 2.21 (2H, 
s), 2.66 (2H, s), 4.1 0 (2H, t, J = 6.8 Hz), 6.60 (1 H, s), 7.20-7.29 (1 H, m), 7.34 (1 H, dt, J = 7.5, 1 .5 Hz), 7.48-7.55 (1 H, 
m), 7.57 (1H,t, J = 1.5 Hz), 
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EXAMPLE 104 

l-fa-BromophenylJ-e-butoxy-a^.S.g-tetrahydro-S.S.S.a-tetramethylfurop.S-hlisoquinoline hydrochloride 

5 [0816] The title compound was obtained from l^a-BromophenyO-e-butoxy-S^^^-tetrahydro-S^^.S-tetramethyl- 
furo[2,3-h]isoquinoline by the method similar to that in Example 29. Yield: 75%. 
Melting point: 201-205 °C (sealed tube) (methanol-ethyl acetate-di ethyl ether). 

1 H NMR(DMSO-d 6 ) 8 0.94 (3H, t, J = 7.2 Hz), 1.20-1.60 (8H, m), 1.25 (6H, s), 1.65-1.82 (2H, m), 2.21 (2H, s), 3.12 
(2H, brs), 4.18 (2H, t, J = 6.5 Hz), 7.10 (1H, s), 7.48-7.66 (2H, m), 7.90-7.99 (2H, m), 12.50-13.00 (1H, br). 

w 

EXAMPLE 105 

6-Butoxy-3,4,8 ( 9-tetrahydro-3 > 3,8,8-tetramethyl-1-[3-(4-pyridinyl)phenyl]furo[2 l 3-h]isoquinoline 

'5 [0817] A solution of sodium carbonate (5.10 g, 48.1 mmol) in water (45 mL) and tetrakis(triphenylphosphine)palla- 
dium(0) (1 .69 g, 1 .46 mmol) were added to a suspension of 1-(3-bromophenyl)-6-butoxy-3,4,8,9-tetrahydro-3,3,8,8-te- 
tramethylfuro[2,3-h]isoquinoline (18.2 g, 39.9 mmol) and 4-pyridinylboronic acid (5.38 g, 43.8 mmol) in N,N-dimethyl- 
formamide (75 mL) and the mixture was stirred at 1 20 °C for 1 .5 hours under nitrogen atmosphere. The reaction mixture 
was cooled and combined with water and ethyl acetate, and the organic layer was separated, and the aqueous layer 

20 was extracted with ethyl acetate. The combined organic layer was washed twice with water, and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 
10:1 followed by 2:1), and recrystallized from diethyl ether-hexane to obtain the title compound (9.12 g, Yield: 50%). 
Melting point: 114-116 °C. 

1 H NMR (CDCI 3 ) 8 0.98 (3H, t, J = 7.3 Hz), 1 .27 (6H, s), 1 .29 (6H, s), 1 .39-1 .60 (2H, m), 1 .75-1 .92 (2H, m), 2.21 (2H, 
25 S ), 2.70 (2H, s), 4.11 (2H, t, J = 6.9 Hz), 6.63 (1H, s), 7.45-7.57 (4H, m), 7.64-7.72 (2H, m), 8.66 (2H, d, J = 6.2 Hz). 

EXAMPLE 106 

6-Ethoxy-3,4 ) 8 l 9-tetrahydro-3 I 3,8,8-tetramethyl-1-[3-(4-pyridinyl)phenyl]furo[2,3-h]isoquinolin 

30 

[0818] The title compound was obtained from 1-(3-bromophenyl)-6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl- 
furo[2,3-h]isoquinoline by the method similar to that in Example 105. Yield: 59%. 
Melting point: 102-104 °C (diethyl ether-hexane). 

1 H NMR (CDCI3) 5 1.27 (6H, s), 1.30 (6H, s), 1.47 (3H, t, J = 7.0 Hz), 2.22 (2H, s), 2.70 (2H, s), 4.19 (2H, q, J = 7.0 
35 Hz), 6.63 (1 H, s), 7.42-7.58 (4H, m), 7.65-7.71 (2H, m), 8.66 (2H, d, J = 6.0 Hz). 

EXAMPLE 107 

e-Ethoxy-S^.S^-tetrahydro-S.S.S.e-tetramethyl-l-phenylfuro^.S-hjisoquinoline hydrochloride 

40 

[0819] A free base of the title compound was obtained from 3,4,8,9-tetrahydro-3,3 p 8,8-tetramethyl-1 -pheny!6-furo 
[2,3-h]isoquinolinol and iodomethane by the method similar to that in Example 99. This was dissolved in ethyl acetate, 
combined with 0.8 M solution of hydrogen chloride/methanol, and concentrated under reduced pressure to obtain the 
title compound. Quantitative. 
45 Amorphous. 

1 H NMR (CDCI3) 8 1 .33 (6H, s), 1 .51 (3H, t, J = 7.0 Hz), 1 .69 (6H, s), 2.23 (2H, s), 3.02 (2H, s), 4.28 (2H, q, J = 7.0 
Hz), 6.73 (1H, s), 7.50-7.75 (5H, m). 

EXAMPLE 108 

50 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenyl-4-furo[2,3-h]isoquinolinol 

[0820] Aluminum chloride (0.68 g, 5.1 mmol) was added to a solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-me- 
thyl-1-propenyl)benzofuran (1.17 g, 5.04 mmol) in benzonitrile (10 mL) at -10 °C and the mixture was stirred at the 
55 same temperature for 5 minutes. The resultant mixture was treated dropwise with bromine (0.26 mL, 5.0 mmol), and 
stirred at room temperature for 20 minutes and then at 60 °C for 2 hours. The reaction mixture was cooled, combined 
with water and diisopropyl ether, stirred, and then the organic layer was separated. The aqueous layer was neutralized 
with cone, aqueous ammonia, combined with ethyl acetate, and then the insolubles were filtered off. The aqueous layer 
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was separated, and the organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated 
under reduced pressure. The residue was recrystallized from tetrahydrof uran diethyl ether to obtain the title compound 
(722 mg, Yield: 41%) 
Melting point: 207-212 °C. 

5 1H NMR (CDCI 3 ) 5 1 .25 (3H, s), 1 .31 (6H, s), 1 .32 (3H, s), 2.21 (2H, s), 3.96 (3H. s), 4.48 (1 H, br s), 6.96 (1 H, s), 7.40 
(6H, s). 

EXAMPLE 109 

10 3-(Bromomethyl)-3,4,8,9-tetrahydro-6^^ 

[0821] Aluminum chloride (1.01 g, 7.57 mmol) was added to a solution of 2,3-dihydro-7-methoxy-2,2-dimethyl- 
5-(2-methyl-2-propenyl)benzofuran (1 .76 g, 7.58 mmol) in benzonitrile (1 5 mL) at -5 °C and the mixture was stirred at 
the same temperature for 5 minutes. The resultant mixture was treated dropwise with bromine (0.39 mL, 7.6 mmol), 

15 and stirred at room temperature for 25 minutes and then at 60 °C for 30 minutes. The reaction mixture was cooled, 
combined with water and diisopropyl ether, stirred, and then the aqueous layer was separated, and the organic layer 
was extracted twice with 1 M hydrochloric acid. The combined aqueous layer was neutralized with cone, aqueous 
ammonia with cooling in ice, and extracted twice with ethyl acetate. The combined organic layer was washed with 
water and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was sub- 

20 jected to a column chromatography on a silica gel (hexane-ethyl acetate 10:1), and crystallized from diethyl ether- 
hexane to obtain the title compound (297 mg, Yield: 9.5%). 
Melting point: 108-110 °C. 

1 H NMR (CDCyS 1.31 (6H, s), 1.34 (3H, s), 2.20 (2H, s), 2.80 (1H, d, J = 15.8 Hz), 2.96 (1H, d, J = 15.8 Hz), 3.41 
(1H, d, J = 9.9 Hz), 3.57 (1H, d, J = 9.9 Hz), 3.93 (3H, s), 6.60 (1H, s), 7.40 (5H, s). 

25 

EXAMPLE 110 

e-Ethoxy-S^.S^-tetrahydro-S.S.S.S-tetramethyl-l-phenylfuro^.S-hJisoquinoline 2-oxide 

30 [0822] A solution of sodium tungstate(VI) dihydrate (310 mg, 0.940 mmol) in water (3 mL) was added to a solution 
of 6-ethoxy-1 ,2,3,4,8,9-hexahydro-3,3,8,8-tetramethyl-1 -phenylfuro[2,3-h]isoquinoline (1 .65 g, 4.69 mmol) in methanol 
(1 0 mL). This was cooled, treated dropwise with 30% aqueous hydrogen peroxide (1 .6 g, 1 4 mmol), and stirred at room 
temperature for 15 hours. The reaction mixture was combined with water, and extracted with ethyl acetate 3 times. 
The combined organic layer was washed with water, a 10% aqueous solution of sodium thiosulfate and brine, dried 

35 over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column 
chromatography on a basic silica gel (hexane/ethyl acetate 5:1 followed by 1:1), and crystallized from diisopropyl ether- 
hexane to obtain the title compound (1 .33 g, Yield: 78%). 
Melting point: 125-126 °C. 

1 H NMR (CDC 1 3 ) 5 1 .27 (6H, s), 1 .45 (3H, t, J = 7.0 Hz), 1 .48 (6H, s), 1 .98 (2H, s), 3.04 (2H, s), 4.16 (2H, q, J = 7.0 
40 Hz), 6.62 (1 H, s), 7.32-7 .47 (5H, m). 

EXAMPLE 111 

S^.S^-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-phenylfurop.S-hlisoquinoline 2-oxide 

45 

[0823] The title compound was obtained from 1 ,2,3,4, 8,9-hexahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenylfuro 
[2,3-h]isoquinoline by the method similar to that in Example 110. Yield: 84%. 
Melting point: 177-180 °C (diisopropyl ether). 

1 H NMR (CDCI3) 5 1.28 (6H, s), 1.49 (6H, s), 1.99 (2H, s), 3.06 (2H, s), 3.91 (3H, s), 6.63 (1H, s), 7.27-7.47 (5H, m). 

50 

EXAMPLE 112 

4-(6-Ethoxy-3,4 J 8,9-tetrahydro-3,3,8 J 8-tetramethyl-2-oxidefuro[2,3-h]isoquinolin-1-yl)benzamide 

55 [0824] The title compound was obtained from 4-(6-ethoxy-1 l 2,3 l 4 f 8 1 9-hexahydro-3,3,8 i 8-tetramethylfuro[2 l 3-h]iso- 
quinolin-1-yl)benzamide by the method similar to that in Example 110. Yield: 83%. 
Melting point: 134-136, 218-219 °C (ethyl acetate-diisopropyl ether). 

1 H NMR (CDCI3) 5 1.28 (6H, s), 1.46 (3H, t, J = 7.1 Hz), 1.48 (6H, s), 2.00 (2H, S), 3.06 (2H, s), 4.17 (2H, q, J = 7.1 
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Hz), 5.40-6.50 (2H, m), 6.64 (1H, s), 7.55 (2H, d, J = 8.4 Hz), 7.89 (2H, d, J = 8.4 Hz). 

EXAMPLE 113 

5 5-[(Dimethylamino)methyl]-3,4,8,9-tetrah^ 

[0825] A mixture of 3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1 -phenyl-6-furo[2,3-h]isoquinolinol (1 .50 g, 4.67 mmol), 
paraformaldehyde (94%) (0.298 g, 9.34 mmol), a 2 M solution of dimethylamine/tetrahydrofuran (7.00 mL, 14.0 mmol) 
and ethanol (7 mL) was stirred at 60 °C for 20 minutes. The reaction solution was concentrated under reduced pressure, 
10 and the residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1), and re- 
crystallized from hexane-ethyl acetate to obtain the title compound (1.38 g, Yield: 78%) 
Melting point: 164-166 °C. 

1 H NMR (CDCI 3 ) 5 1 .23 (6H, s), 1 .30 (6H, s), 2.14 (2H, s), 2.38 (6H, s), 2.58 (2H, s), 3.74 (2H, s), 7.37 (5H, s). 
15 EXAMPLE 114 

S^.S^-Tetrahydro-e-methoxy-N.N.S.S^.S-hexamethyl-l-phenyl-S-furoP.S-hlisoquinolinemethanamine 

[0826] Diisopropyl azodicarboxylate (0.624 mL, 3.18 mmol) was added to a solution of 5-[(dimethylamino)methyl]- 
20 S^.S.g-tetrahydro-S.S.S.S-tetramethyl-l-phenyl-e-furo^.S-hlisoquinolinol (0.40g, 1.06 mmol), methanol (0.128 mL, 
3.18 mmol) and triphenylphosphine (0.832 g, 3.1 8 mmol) in tetrahydrofuran (3 mL) with cooling in ice, and the mixture 
was stirred at room temperature for 30 minutes. The reaction solution was combined with 1 M hydrochloric acid, and 
washed with ethyl acetate. The aqueous layer was basified with 1 M aqueous solution of sodium hydroxide, and then 
extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced pressure. The 
25 residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 9:1) to obtain the title 
compound (0.40 g, Yield: 96%). An aliquot was recrystallized from hexane. 
Melting point: 124-125 °C. 

1H NMR (CDCI3) 5 1 .23 (6H, s), 1 .27 (6H, s), 2.13 (2H, s), 2.25 (6H, s), 2.77 (2H, s), 3.45 (2H, s), 3.92 (3H, s), 7.38 
(5H, s). 

30 

EXAMPLE 115 

3,4,B,9-Tetrahydro-6-methoxy-N,N,N,3,3,8,8-heptamethyl-1-phenyl-5-furo[2,3-h]isoquinolinemethanaminium iodide 

35 [0827] Ibdomethane (0.309 mL, 4.97 mmol) was added to a solution of 3,4,8,9-tetrahydro-6-methoxy-N,N, 
3,3,8,8-hexamethyl-1-phenyl-5-furot2,3-h]isoquinolinemethanamine (1.50 g, 3.82 mmol) in toluene (10 mL) and the 
mixture was stirred at room temperature for 15 hours. The reaction solution was combined with hexane, and the pre- 
cipitated crystals were recovered by filtration, dried, and then recrystallized from ethanol-ethyl acetate-hexaneto obtain 
the title compound (1 .90 g, Yield: 93%). 

40 Melting point: 1 74-1 78 °C. 

1 H NMR (DMSO-d 6 ) 5 1.17 (6H, s), 1.26 (6H, s), 2.21 (2H, s), 2.78 (2H, s), 3.07 (9H, s), 3.94 <3H, s), 4.60 (2H, s), 
7.37-7.46 (5H, m). 

EXAMPLE 116 

45 

S^.B^-Tetrahydro-e-methoxy-S.S.S^-tetramethyl-l-phenyl-S-ftphenylthioJmethyljfurop.S-hJisoquinoline 
hydrochloride 

[0828] Sodium hydride (66% suspension in oil) (68.0 mg, 1 .87 mmol) was added to a solution of thiophenol (0.192 
50 mL, 1 .87 mmol) in N,N-dimethylformamide (3 mL) with cooling in ice, and the mixture was stirred at room temperature 
for 30 minutes. S^.S.g-Tetrahydro-e-methoxy-N.N.N.S.S.S.S-heptamethyl-l -phenyl-5-furo[2,3-h]isoquinoiinemethan- 
aminium iodide (0.40 g, 0.748 mmol) was added to the mixture, and the mixture was stirred at 70 °C for 1 hour. The 
reaction solution was combined with water, and extracted with ethyl acetate. The extract was washed with 1 M aqueous 
solution of sodium hydroxide and water, and then concentrated under reduced pressure. The residue was subjected 
55 to a column chromatography on a silica gel (hexane/ethyl acetate 7:3) to obtain a free base (0.31 g, Yield: 91%) of the 
title compound as an oil. 

1 H NMR (CDCI3) 8 1 .23 (6H, s), 1 .28 (6H, s), 2.13 (2H, s), 2.67 (2H, s), 3.92 (3H, s), 4.24 (2H, s), 7.18-7.45 (10H, m). 
[0829] This was converted into a hydrochloride with 4 M solution of hydrogen chloride/ethyl acetate, and then con- 
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centrated under reduced pressure to obtain the title compound (0.31 g, Yield: 84%). 
Amorphous. 

1H NMR (DMSO-d 6 ) 6 1.25 (6H, s), 1.43 (6H, s), 2.15 (2H, s), 3.15 (2H, s), 3.90 (3H, s), 4.29 (2H, s), 7.25-7.45 (5H, 
m), 7.62-7.80 (5H, m). 

5 

EXAMPLE 117 

e-Ethoxy-S^^.g-tetrahydro-N.N^.S.S^-hexamethyl-l -phenyl 5-furo[2,3-h]isoquino1inemethanamine 

w [0830] The title compound was obtained using ethanol by the method similar to that in Example 114. Yield: 89%. 
Melting point: 106-107 °C (hexane). 

1 H NMR (CDCI 3 ) 8 1 .23 (6H, s), 1 .25 (6H, s), 1 .36 (3H, t, J = 7.2 Hz), 2.12 (2H, s), 2.25 (6H, s), 2.77 (2H, s), 3.46 (2H, 
s), 4.19 (2H, q, J = 7.2 Hz), 7.37 (5H, s). 

15 EXAMPLE 118 

5-[(Dimethylamino)methyl]-3,4 f 8^^ acetate 

[0831 ] Acetic anhydride (82.3 \it, 0.872 mmol) was added to a solution of 5-[(dimethylamino)methyl]-3,4,8,9-tetrahy- 
20 dro-S.S.S.S-tetramethyl-l-phenyl-S-furo^.S-hlisoquinolino! (0.30 g, 0.793 mmol) in pyridine (3 mL), and the mixture 
was stirred at room temperature for 1 hour. The reaction solution was combined with water, and extracted with ethyl 
acetate. The extract was washed with water, and then concentrated under reduced pressure. The residue was recrys- 
tallized from hexane to obtain the title compound (0.24 g, Yield: 72%). 
Melting point: 125-126 °C. 

25 1h NMR (CDCI3) 8 1 .25 (12H, s), 2.17 (2H, s), 2.21 (6H, s), 2.31 (3H, s), 2.79 (2H, s), 3.33 (2H, s), 7.38 (5H, s). 
EXAMPLE 119 

S^.S^-Tetrahydro-S.S.e.S-tetramethyl-l-phenyl^-KI-pyridinylJmethylJ-e-furo^.S-hlisoquinolinol 

30 

[0832] The title compound was obtained using piperidine by the method similar to that in Example 113. Yield: 85%. 
Melting point: 164-165 °C. 

1 H NMR (CDCI3) 8 1.22 (6H, s), 1.29 (6H, s), 1.40-1.72 (6H, m), 2.14 (2H, s), 2.40-2.79 (4H, m), 2.56 (2H, s), 3.76 
(2H, s), 5.32 (1 H, br s), 7.37 (5H, s). 

35 

EXAMPLE 120 

3A8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-ph 
dihydrochloride 

40 

[0833] A free base of the title compound was obtained as an oil from SAS.g-tetrahydro-S.S.S.S-tetramethyl-l -phenyl- 
5-[(1-piperidinyl)methyl]-6-furo[2,3-h]isoquinolinol by the method similar to that in Example 114. Yield: 85%. 
1 H NMR (CDCI3) 8 1.23 (6H, s), 1.28 (6H, s), 1.37-1.60 (6H, m), 2.13 (2H, s), 2.37-2.44 (4H, m), 2.82 (2H, s), 3.48 
(2H, s), 3.89 (3H, s), 7.38 (5H, s). 
45 [0834] This free base was converted into a hydrochloride with 4 M solution of hydrogen chloride/ethyl acetate, and 
then concentrated under reduced pressure to obtain the title compound. Yield: 80%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1.27 (6H, s), 1.47 (6H, s), 1.55-1.86 (6H, m), 1.90-2.10 (2H, m), 2.19 (2H, s), 2.90-3.10 (2H, 
m), 3.80-3.88 (2H, m), 3.96 (3H, s), 4.37 (2H, brs), 7.60-7.82 (5H, m). 

50 

EXAMPLE 121 

e-Ethoxy-SAS.g-tetrahydro-S.S.S.S-tetram 

55 [0835] The title compound was obtained from S^^^-tetrahydro-S.S.S.S-tetramethyl-l-phenyl-S-Cfl-piperidinylJme- 
thyl]-6-furo[2,3-h]isoquinolinol and ethanol by the method similar to that in Example 114. Yield: 87%. 
Melting point: 75-77 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) 8 1 .23 (6H, s), 1 .26 (6H, s), 1 .36 (3H, t, J = 7.0 Hz), 1 .40-1 .58 (6H, m), 2.12 (2H, s), 2.37-2.43 (4H, 
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m), 2.82 (2H, s), 3.49 (2H, s), 4.16 (2H, q, J = 7.0 Hz), 7.35-7.42 (5H, m). 
EXAMPLE 122 

5 3,4,B l 9-Tetrahydro-3 J 3,8 ) 8-tetramethyl-1-phenyl-5-[(1-piperidinyl)methyl]furo[2,3-h acetate 
dihydrochloride 

[0836] Afreebaseofthetitlecompoundwasobtainedfrom3,4,8,9-te^^^^ 

eridinyl)methyl]-6-furo[2,3-h]isoquinolinol by the method similar to that in Example 118. This was converted into a 
hydrochloride with 4 M solution of hydrogen chloride/ethyl acetate, and then concentrated under reduced pressure to 
obtain the title compound. Yield: 96%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.22 (6H, s), 1.49 (6H, s), 1.61-1.82 (4H, m), 1.93-2.45 (7H, m), 2.95-3.10 (2H, m), 3.38-3.64 
(4H, m), 4.40-4.48 (2H, m), 7.60-7.83 (5H, m). 

EXAMPLE 123 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-(3-nitrophenyl)furo[2 ) 3-h]isoquinoline 

[0837] Cone, sulfuric acid (2.75 mL, 51.6 mmol) was added to a solution of 2,3-dihydro-7-methoxy-2,2-dimethyl- 

5- (2-methyl-1-propenyl)benzofuran (6.00 g, 25.8 mmol), 3-nitrobenzonitrile (3.83 g, 25.8 mmol) and acetic acid (18 
mL) in toluene (24 mL), and the mixture was stirred at 80 °C for 1 hour. The reaction solution was combined with 
excessive aqueous ammonia, and extracted with ethyl acetate. The extract was washed with water, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
acetate 17:3) to obtain the title compound (4.28 g, Yield: 44%). 
Amorphous. 

1 H NMR (CDCI 3 ) 5 1 .26 (6H, s), 1 .32 (6H, s), 2.19 (2H, s), 2.71 (2H, s), 3.94 (3H, s), 6.65 (1H, s), 7.59 (1H, t, J = 7.8 
Hz), 7.73-7.79 (1H, m), 8.22-8.32 (2H, m). 

50 EXAMPLE 124 

3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-1-(3-nitrophenyl)-6-furo[2,3-h]isoquinolinol 

[0838] Under nitrogen atmosphere, a mixture of 3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1 -(3-nitrophenyl) 
furo[2,3-h]isoquinoline (4.20 g, 11.0 mmol) and hydrobromic acid (42 mL) was stirred at 100 °C for 20 hours. The 
reaction solution was cooled, combined with aqueous ammonia, and then extracted with ethyl acetate. The extract 
was washed with water, and then concentrated under reduced pressure. The residue was subjected to a column chro- 
matography on a silica gel (hexane/ethyl acetate 1 :1). and recrystallized from ethyl acetate-hexane to obtain the title 
compound (2.50 g, Yield: 62%). 
Melting point: 239-241 °C. 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .30 (6H, s), 2.1 8 (2H, s), 2.67 (2H, s), 6.62 (1 H, s), 7.58 (1 H, t, J = 7.8 Hz), 7.73-7.80 
(1H, m), 8.22-8.31 (2H, m). 

EXAMPLE 125 
45 

3,4,8 t 9-Tetrahydro-3,3,8,8-tetramethyl-1-(3-nitrophenyl)-5-[(1-piperidinyl)methyl]-6-furo[2,3-h]isoquinolinol 

[0839] The title compound was obtained from SAS^-tetrahydro-SAe.S-tetramethyl-l -(3-nitrophenyl)-6-furo[2,3-h] 
isoquinolinol and piperidine by the method similar to that in Example 113. Yield: 78%. 
50 Amorphous. 

1 H NMR (CDCI3) 8 1.24 (6H, s), 1.31 (6H, s), 1.46-1.72 (6H, m), 2.13 (2H, s), 2.40-2.80 (4H, m), 2.58 (2H, s), 3.78 
(2H, s), 6.30 (1H, s), 7.56 (1H, t, J = 8.0 Hz), 7.72-7.78 (1H, m), 8.22-8.31 (2H, m). 

EXAMPLE 126 

55 

6- Ethoxy-3,4 p 8,9-tetrahydro-3,3,8,8-tetramethyl-1-(3-nitrophenyl)-5-[(1-piperidinyl)methyl]furo 

[0840] The title compound was obtained from SAS.g-tetrahydro-S.S.S.S-tetramethyl-l -(3-nitrophenyl)-5-[(1 -piperidi- 
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5 EXAMPLE 127 

» ^ItelZr^lS^ Si? mL ' 14 2 ™*> was added to a so.ution of 6-ethoxy- 

mmol)inacetLcid 5 mL) anS (1.00 g. 03 

poured into an excessive saturated Z^ZTot ZZ SST ^'"T ^ ^ S °^" Was 
The extract was washed with water, and then concentrated unlr ^ H te ' 3nd 6XtraCted with et W aceta ^ 

g, Yield: 96%). concentrated ""der reduced pressure to obtain the title compound (0.90 

15 Amorphous. 

EXAMPLE 128 

20 

* !n43S5£^^ (3 .L) was added to a so.ution ot 

(098 g , 2 .1 2mmol)intetrahvdrofuran ^ et ^ 

solut,on was combined with diisopropyl ether and theo S t r empera,Uref ° r4 hours - The reactio " 
obtain the title compound (1 .20 g, Yield- 93%) P rec 'P'tated crystals were recovered by filtration and dried to 

Melting point: 155-157 °C 

(7H, m), 10.77 (1H, br s). % HZ) ' 7 08 (1H ' d ' J = 7 8 Hz )« 7 36 (1H, t, J = 7.8 Hz), 7.58-7.84 



EXAMPLE 129 



40 



45 



50 



55 



SlylfpZ™ 

solution was combined with an excessive saturated aqueous S«?„ ^ S, '? d 8t 1 °° ° C for 1 hot " The reaction 
with ethy. acetate. The extract was washed w^w^r and then ^ ?° t T hydr ° 9en Carbonate ' and extracted 

was subjected to a column chromatography on a sSeUethv?^ , T 1^ ^ r6dUCed pr6SSUre - The re «idue 

ether to obtain the tit.e compound (0 50 a *eld S ? ( * rec ^'^ Tom methanol-diisopropyl 
Melting point: 176-1 77 °C 

EXAMPLE 130 
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ether to obtain the title compound (0.52 g, Yield: 63%). 
Melting point: 230-231 °C. 

1 H NMR (DMSO-d 6 ) 51.12 (6H, s), 1 .24 (6H, s), 1 .28 (3H, t, J = 7.0 Hz), 1 .42 (6H, br s), 2.22 (2H, S), 2.34 (4H, br s). 
2.74 (2H, s), 2.99 (3H, s), 3.44 (2H. brs), 4.09 (2H, q, J = 7.0 Hz), 7.1 0-7.15 (2H, m), 7.28-7.43 (2H, m), 9.72 (1 H, brs). 

5 

EXAMPLE 131 

N-[3-[6-Ethoxy-3,4,8,9-tetrahydro-3,3,8,^ 
-N-(methylsulfonyl)methanesulfonamide 

w 

[0845] Methanesulfonyl chloride (0. 1 84 ml_, 2.38 mmol) was added to a solution of N-[3-[6-ethoxy-3,4,8,9-tetrahydro- 
3,3,8,8-tetramethyl-5-[(1-piperidinyl)methyl]furo[2,3-h]isoquinolin-1-yl]phenyl]methanesu^ (0.64 g, 1.19 

mmol) and triethylamine (0.496 mL, 3.57 mmol) in tetrahydrofuran (5 mL) and the mixture was heated under reflux for 
20 minutes. The reaction mixture was cooled, poured into a saturated aqueous solution of sodium hydrogen carbonate, 
15 and then extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced pres- 
sure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 2:1), and 
then recrystallized from methanol-diisopropyl ether to obtain the title compound (0.45 g, Yield: 61%). 
Melting point: 118-119 °C. 

1 H NMR (DMSO-d 6 ) 5 1 .10-1 .31 (15H, m), 1 .42 (6H, br s), 2.35 (4H, br s), 2.60-2.83 (4H, m), 3.43 (2H, s), 3.55 (6H, 
20 S ), 4.08 (2H, q, J = 7,0 Hz), 7.42 (1H, s), 7.50-7.60 (3H, m). 

EXAMPLE 132 

3,4,8 > 9-Tetrahydro-3,3 ) 8 l 8-tetramethyl-5-(2-methylethyl)-1-phenyl-6-furo[2,3-h]isoquinolinol 

25 

[0846] A mixture of S^.e^-tetrahydro-S.S.S.S-tetramethyl-l-phenyl-e-furop.S-hlisoquinolinol (0.30 g, 0.933 mmol), 
2-propanol (0.357 mL, 4.67 mmol) and cone, sulfuric acid (0.995 mL, 18.7 mmol) was stirred at 55 °C for 1 hour. The 
reaction solution was poured into an excessive saturated aqueous solution of sodium hydrogen carbonate, and ex- 
tracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced pressure. The 
30 residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1), and then recrys- 
tallized from ethyl acetate-hexane to obtain the title compound (0.18 g, Yield: 53%). 
Amorphous. 

1 H NMR (CDCI 3 ) 5 1.24 (6H, s), 1.27 (6H, s), 1.38 (6H, d, J = 7.2 Hz), 2.15 (2H, s), 2.70 (2H, s), 3.25-3.46 (1H, m), 
7.37 (5H, m). 

35 

EXAMPLE 133 

S^.S.g-Tetrahydro-e-methoxy-S.S.S^-tetramethyl-S-tl-methylethyO-l-phenylfurop.S-hlisoquinoline hydrochloride 

40 [0847] A free base of the title compound was obtained as an oil from 3,4,8, 9-tetrahydro-3,3, 8,8-tetramethyl-5-( 1-meth- 
ylethyl)-1-phenyl-6-furo[2,3-h]isoquinolinol by the method similar to that in Example 114. Yield: 69%. This free base 
was converted into a hydrochloride with 4 M solution of hydrogen chloride/ethyl acetate, and then concentrated under 
reduced pressure to obtain the title compound. Yield: 65%. 
Amorphous. 

45 1H NMR (DMSO-d 6 ) 5 1 .25 (6H, s), 1 .30 (6H, d, J = 7.0 Hz), 1 .45 (6H, s), 2.12 (2H, s), 3.1 7 (2H, s), 3.23-3.45 (1H, m), 
3.97 (3H, s), 7.52-7.78 (5H, m). 

EXAMPLE 134 

so 6-Ethoxy-3,4,8,9-tetrahydro-3,3 p 8,8-tetramethyl-5-(1-methylethyl)-1-phenylfuro[2,3-h]isoquinoline hydrochloride 

[0848] A free base of thetitle compound was obtained as an oil from 3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-5-( 1-meth- 
ylethyl)-1-phenyl-6-furo[2,3-h]isoquinolinol and ethanol by the method similar to that in Example 114. Yield: 40%. This 
free base was converted into a hydrochloride with 4 M solution of hydrogen chloride/ethyl acetate, and then concen- 
55 trated under reduced pressure to obtain the title compound. Yield: 39%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 6 1 .23 (6H, s), 1 .32 (6H, d, J = 7.0 Hz), 1 .34 (3H, t, J = 7.0 Hz), 1 .45 (6H, s), 2.1 1 (2H, s), 3.1 7 
(2H, s), 3.31-3.46 (1H, m), 4.33 (2H, q, J = 7.0 Hz), 7.52-7.78 (5H, m). 
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EXAMPLE 135 

3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-5-(1 -methylethyl)-1 -phenylfuro[2,3-h]isoquinolin-6-yl acetate hydrochloride 

5 [0849] A free base of thetitle compound was obtained as an oilfromS^.S.Q-tetrahydro-S^.S.S-tetramethyl-S-fl-meth- 
ylethyl)-1-phenyl-6-furo[2,3-h]isoquinolinol by the method similar to that in Example 118. Yield: 93%. This was con- 
verted into a hydrochloride with 4 M solution of hydrogen chloride/ethyl acetate, and then concentrated under reduced 
pressure to obtain the title compound. Yield: 87%. 
Amorphous. 

10 1H NMR (DMSO-d 6 ) 61.19 (6H, s), 1.26 (6H, d, J = 7.0 Hz), 1.48 (6H, s), 2.17 (2H, s), 2.35 (3H, s), 3.23 (2H, s), 3.35 
(1H, septet, J = 7,0 Hz), 7.60-7.80 (5H, m). 

EXAMPLE 136 

15 3,4,8,9-Tetrahydro-3 ) 3,8,8-tetramethyl-6-[(2-methyl-2-propenyl)oxy]-1-phenylfuro[2.3-h]isoquinoline hydrochloride 

[0850] Under nitrogen atmosphere, a suspension of 3,4,8, 9-tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-furo[2,3-h] 
isoguinolinol (0.80 g, 2.49 mmol), 3-chloro-2-methyl-1 -propene (0.258 mL, 2.61 mmol) and potassium carbonate (0.361 
g, 2.61 mmol) in N.N-dimethylformamide (4 mL) was stirred at 80 °C for 2 hours. The reaction mixture was combined 

20 with water and extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 9:1) to 
obtain a free base (0.93 g, quantitative) of thetitle compound as an oil. An aliquot was converted into a hydrochloride 
salt with 4 M solution of hydrogen chloride/ethyl acetate, and then concentrated under reduced pressure to obtain the 
title compound. 

25 Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .23 (6H, s), 1 .46 (6H, s), 1 .78 (3H, s), 2.17 (2H, s), 3.15 (2H, s), 4.70 (2H, s), 5.02 (1H, s), 5.08 
(1H, s), 7.11 (1H, s), 7.61-7.80 (5H, m). 

EXAMPLE 137 

30 

3,4,8 I 9-Tetrahydro-3,3,8 ) 8-tetramethyl-5-(2-methyl-2-propenyl)-1-phenyl-6-furo[2,3-h]isoquinolinol 

[0851] Under nitrogen atmosphere, a solution of 3,4,8 ) 9-tetrahydro-3,3,8,8-tetramethyl-6-[(2-methyl-2-propenyl) 
oxy]-1-phenylfuro[2,3-h]isoquinoline (0.78 g, 2.08 mmol) in N.N-diethylaniline (4 mL) was stirred at 205 °C for 4.5 
35 hours. The reaction solution was cooled, and then combined with hexane, and the precipitated crystals were recovered 
by filtration. Recrystallization from ethyl acetate-hexane gave the title compound (0.41 g, Yield: 53%). 
Melting point: 196-198 °C. 

1 H NMR (CDCI 3 ) 5 1 .22 (6H, s), 1 .28 (6H, s), 1 .84 (3H, s), 2.17 (2H, s), 2.59 (2H, s), 3.37 (2H, s), 4.51 (1H, s), 4.80 
(1H,s), 7.37 (5H,s). 

40 

EXAMPLE 138 

3,4,8,9-Tetrahydro-3 I 3,8,8-tetramethyl-1-phenyl-6-[(2-propynyl)oxy]furo[2,3-h]isoquinoline hydrochloride 

45 [0852] Under nitrogen atmosphere, a mixture of 3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-furo[2,3-h]isoqui- 
nolinol (1 .00 g, 3.1 1 mmol), propargyl bromide (0.305 mL, 3.42 mmol), potassium carbonate (0.473 g, 3.42 mmol) and 
N.N-dimethylformamide (10 mL) was stirred at 60 °C for 2 hours. The reaction mixture was combined with water, and 
extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced pressure. The 
residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 1:1) to obtain a free base 

so (1.11 g, quantitative) of the title compound as an oil. 

1H NMR (CDCI3) 5 1 .25 (6H, s), 1 .30 (6H, s), 2.1 9 (2H, s), 2.55 (1 H, t, J = 2.4 Hz), 2.70 (2H, s), 4.83 (2H, d, J = 2.4 
Hz), 6.77(1 H, s), 7.39 (5H, s). 

[0853] An aliquot was converted into a hydrochloride salt with 4 M solution of hydrogen chloride/ethyl acetate, and 
then concentrated under reduced pressure to obtain the title compound. 
55 Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1.23 (6H, s), 1.46 (6H, s), 2.18 (2H, s), 3.17 (2H, s), 3.76 (1H, s), 5.02 (2H, s), 7.14 (1H, s), 
7.62-7.80 (5H, m). 
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EXAMPLE 139 

4-(3 l 43 ) 9Tetrahydro-6-methoxy-3 I 3,8,8-tetramethylfuro[2 l 3-h]isoquinolin-1-yl)benzoyl chloride hydrochloride 

5 [0854] A mixture of 4-(3,4 l 8,9-tetrahydro-6-methoxy-3 > 333-tetramethylfuro[2 l 3-h]isoquinolin-1 -yl)benzoic acid hy- 
drochloride (0.30 g, 0.721 mmol) and thionyl chloride (1 mL) was stirred at 70 °C for 1 hour The reaction solution was 
concentrated under reduced pressure to obtain the title compound (0.30 g, Yield: 96%). This was used in the next 
reaction without further purification. 

10 EXAMPLE 140 

S^S^.S.g-Tetrahydro-e-methoxy-S^.B.S-tetramethylfuro^.S-hlisoquinolin-l'yObenzoyl chloride hydrochloride 

[0855] The title compound was obtained as an amorphous material using 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-te- 
15 tramethylfuro[2,3-h]isoquinolin-1-yl)benzoic acid hydrochloride by the method similar to that in Example 139. Yield: 
96%. This compound was used in the next reaction without further purification. 

EXAMPLE 141 

20 N-(4-Pyridinyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3 l 3,8,8-tetramethylfuro[2 ) 3-h]isoquinolin-1-yl)benzamide 
dihydrochloride 

[0856] 4-(3 ) 4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoyl chloride hydrochlo- 
ride (0.30 g, 0.691 mmol) was added to a solution of 4-aminopyridine (71 .5 mg, 0.760 mmol) and triethylamine (0.116 

25 mL, 0.829 mmol) in N,N-dimethylformamide (1 mL) with cooling in ice, and the mixture was stirred at room temperature 
for 1 hour. The reaction mixture was combined with a saturated aqueous solution of sodium hydrogen carbonate, and 
extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced pressure. The 
residue was subjected to a column chromatography on a silica gel (ethyl acetate/methanol 1 9:1) to obtain a free base 
(0.31 g, Yield: 98%) of the title compound as an oil. This was converted into a hydrochloride salt with 4 M solution of 

30 hydrogen chloride/ethyl acetate, concentrated under reduced pressure, and then recrystallized from methanol-ethyl 
acetate to obtain the title compound (0.29 g, Yield: 74%). 
Melting point: 194-198 °C. 

1 H NMR (DMSO-d 6 ) 5 1 .24 (6H, s), 1 .49 (6H, s), 2.22 (2H, s), 3.20 (2H, s), 3.96 (3H, s), 7.13 (1H. s), 7.84 (2H, d, J = 
8.0 Hz), 8.45 (2H, d, J = 8.0 Hz), 8.63 (2H, d, J = 7.0 Hz), 8.82 (2H, d, J - 7.0 Hz), 12.55 (1H, s). 

35 

EXAMPLE 142 

N-(3-Pyridinyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 
dihydrochloride 

40 

[0857] The title compound was obtained using 3-aminopyridine by the method similar to that in Example 141 . Yield: 
85%. 

Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .24 (6H, s), 1 .49 (6H, s), 2.23 (2H, s), 3.20 (2H, s), 3.96 (3H, s), 7.14 (1 H, s), 7.84 (2H, d, J = 
45 8.0 Hz), 8.08-8.17 (1H, m), 8.46 (2H, d, J = 8.0 Hz), 8.71 (1H, d, J = 5.4 Hz), 9.10 (1H, d, J = 7.6 Hz), 9.56 (1H, s), 
12.15 (1H,s). 

EXAMPLE 143 

so N-(2-Pyridinyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 
dihydrochloride 

[0858] The title compound was obtained using 2-aminopyridine by the method similar to that in Example 1 41 . Yield: 
74%. 
55 Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.24 (6H, s), 1.49 (6H, s), 2.22 (2H, s), 3.20 (2H, s), 3.96 (3H, s), 7.13 (1H, s), 7.38-7.46 (1H, 
m), 7.83 (2H, d, J = 7.8 Hz), 7.91-7.99 (1H, m), 8.12-8.20 (1H, m), 8.37 (2H, d, J = 7.8 Hz), 8.53 (1H, d, J = 4.4 Hz), 
12.04 (1H, s). 
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EXAMPLE 144 

N-(4-Pyridinylmethyl)-4-(3,4,8,9-tetrahydro-6-mett^ 
dihydrochloride 

5 

[0859] The title compound was obtained using 4-{aminomethyl)pyridine by the method similar to that in Example 
141. Yield: 75%. 

Melting point: 220-225 °C (methanol-ethyl acetate). 

1 H NMR (DMSO-d 6 ) 6 1.24 (6H, s), 1 .48 (6H, s), 2.22 (2H, s), 3.19 (2H, s), 3.95 (3H, s), 4.77 (2H, d, J = 5.4 Hz), 7.13 
10 (1 H, s), 7.78 (2H, d, J = 8.4 Hz), 7.98 (2H, d, J = 6.2 Hz), 8.23 (2H, d, J = 8.4 Hz), 8.87 (2H, d, J = 6.2 Hz), 9.96-1 0.03 
(1H,m). 

EXAMPLE 145 

*5 N-(3-Pyridinylmethyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3 J 3 J 8,8-tetramethylfuro[2 > 3-h]isoquinolin-1-yl)benzamide 
dihydrochloride 

[0860] The title compound was obtained using 3-(aminomethyl)pyridine by the method similar to that in Example 
141. Quantitative. 
20 Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .23 (6H, s), 1 .47 (6H, s), 2.22 (2H, s), 3.18 (2H, s), 3.95 (3H, s), 4.70 (2H, d, J = 4.0 Hz), 7.1 2 
(1 H, s), 7.77 (2H, d, J = 8.0 Hz), 8.01 -8.08 (1 H, m), 8.22 (2H, d, J = 8.0 Hz), 8.58 (1 H, d, J = 7.4 Hz), 8.85 (1 H, d, J = 
5.2 Hz), 8.95 (1 H, s), 9.95-1 0.04 (1 H, m). 

25 EXAMPLE 146 

N-(2-Pyridinylmethyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 
dihydrochloride 

30 [0861] The title compound was obtained using 2-(aminomethyl)pyridine by the method similar to that in Example 
141. Yield: 75%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 6 1 .24 (6H, s), 1 .48 (6H, s), 2.21 (2H, s), 3.1 9 (2H, s), 3.95 (3H, s), 4.90 (2H, s), 7.1 3 (1 H, s), 7.78 
(2H, d, J = 7.2 Hz), 7.90-8.04 (2H, m), 8.24 (2H, d, J = 7.2 Hz), 8.46-8.55 (1 H, m), 8.85 (1 H, d, J = 4.8 Hz), 1 0.05 (1 H, s). 

35 

EXAMPLE 147 

N-[2-(4-Pyridinyl)ethyl]-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 
dihydrochloride 

40 

[0862] The title compound was obtained using 4-(2-aminoethyl)pyridine by the method similar to that in Example 

141. Yield: 83%. 

Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .23 (6H, s), 1.47 (6H, s), 2.18 (2H, s), 3.16-3.27 (4H, m), 3.65-3.76 (2H, m), 3.95 (3H, s), 7.12 
45 (1 H, s), 7.72 (2H, d, J = 7.6 Hz), 7.96-8.12 (4H, m), 8.84 (2H, d, J = 5.6 Hz), 9.25 (1H, brs). 

EXAMPLE 148 

N-(4-Pyridinylmethyl)-3-(3 l 4,8,9-tetrahydro-6-methoxy-3,3,8 J 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 

50 

[0863] 3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoyl chloride hydrochlo- 
ride (0.50 g, 1.15 mmol) was added to a solution of 4-(aminomethyl)pyridine (0. 1 29 mL, 1 .27 mmol) and triethylamine 
(0.193 mL, 1.38 mmol) in N,N-dimethylformamide (5 mL) with cooling in ice, and the mixture was stirred with cooling 
in ice for 30 minutes. The reaction mixture was combined with a saturated aqueous solution of sodium hydrogen 
55 carbonate, and extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced 
pressure. The residue was recrystallized from ethyl acetate-diisopropyl ether to obtain the title compound (0.32 g, 
Yield: 59%). 

Melting point: 197-198 °C. 
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1 H NMR (CDCI 3 ) 6 1.19 (6H, s), 1 .30 <6H, s), 2.18 (2H, s), 2.63 (2H, s), 3.93 (3H, s), 4.59 (2H, d, J = 6.0 Hz), 6.61 
(1H, s), 7.19 (2H, d, J = 5.8 Hz), 7.41-7.53 (3H, m), 7.93-8.01 (2H, m), 8.51-8.56 (2H, m). 

EXAMPLE 149 

5 

N-[2-(4-Pyridinyl)ethyl]-3-(3,4,8,9-tetrahydro-6-methoxy-3,3 1 8,8-tetramethylfuro[2,3-h]isoqui 

[0864] The title compound was obtained using 4-(2-aminoethyl)pyridine by the method similar to that in Example 
148. Yield:68%. 

10 Melting point: 144-145 °C (ethyl acetate-diisopropyl ether). 

1 H NMR (CDCI3) 5 1.24 (6H, s), 1.30 (6H, s), 2.17 (2H, s), 2.68 (2H, s), 2.91 (2H, t, J = 7.2 Hz), 3.70 (2H, q, J = 7.2 
Hz), 3.93 (3H, s), 6.62 (1 H, s), 6.65 (1 H, br s), 7.1 7 (2H, d, J = 6.2 Hz), 7.41 -7.50 (2H, m), 7.79 (1 H, s), 7.81 -7.87 (1 H, 
m), 8.51 (2H, d, J = 6.2 Hz). 

15 EXAMPLE 150 

N-(2-Pyrimidinyl)-4-(3,4,8 > 9-tetrahydro-6-methoxy-3,3,8 ) 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 
di hydrochloride 

20 [0865] 4-(3,4 l 8 l 9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzoyl chloride hydrochlo- 
ride (0.30 g, 0.691 mmol) was added to a solution of 2-aminopyrimidine (72.3 mg, 0.760 mmol) in pyridine (3 mL), and 
the mixture was stirred at room temperature for 2 hours. The reaction solution was combined with a saturated aqueous 
solution of sodium hydrogen carbonate, and extracted with ethyl acetate. The extract was washed with water, and then 
concentrated under reduced pressure. The residue was converted into a hydrochloride salt with 4 M solution of hydro- 
ps gen chloride/ethyl acetate, and then concentrated under reduced pressure to obtain the title compound (0.29 g, Yield: 
79%). 

Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.24 (6H, s), 1.48 (6H, s), 2.18 (2H, s), 3.20 (2H, s), 3.97 (3H, s), 7.11 (1H, s), 7.38-7.51 (1H, 
m), 7.83 (2H, d, J = 8.0 Hz), 8.50 (2H, d, J = 8.0 Hz), 8.92-9.98 (2H, m), 11.82 (1H, brs). 

30 

EXAMPLE 151 

N-Pyrazinyl-4-(3,4 l 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yi)benzamide 

35 [0866] 4-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoyl chloride hydrochlo- 
ride (0.30 g, 0.691 mmol) was added to a solution of aminopyrazine (72.3 mg, 0.760 mmol) in pyridine (3 mL) and the 
mixture was stirred at room temperature for 5 hours. The reaction solution was combined with a saturated aqueous 
solution of sodium hydrogen carbonate, and extracted with ethyl acetate. The extract was washed with water, and then 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel 

40 (ethyl acetate/methanol 19:1) to obtain the title compound (0.27 g, Yield: 86%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .27 (6H, s), 1 .32 (6H, s), 2.21 (2H, s), 2.72 (2H, s), 3.93 (3H, s), 6.64 (1 H, s), 7.58 (2H, d, J = 
8.4 Hz), 7.99 (2H, d, J = 8.4 Hz), 8.27-8.33 (1 H, m), 8.42 (1 H, d, J = 2.6 Hz), 8.61 (1 H, br s), 9.75 (1 H, d, J = 1 .6 Hz). 

45 EXAMPLE 152 

N-(6-Chloro-3-pyridazinyl)-4-(3,4,8,9-tetrahydro-6-m^ 

[0867] The title compound was obtained using 3-amino-6-chloropyridazine by the method similar to that in Example 
so 151. Yield: 85%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.27 (6H, s), 1 .33 (6H, s), 2.21 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.64 (1H, s), 6.74 (1H, d, J = 
9.2 Hz), 7.25 (1 H, d, J = 9.2 Hz), 7.59 (2H, d, J = 8.4 Hz), 8.00 (2H, d, J = 8.4 Hz), 9.18(1 H, br s). 
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EXAMPLE 153 

N-(4-Pyridinyl)-3-(3,43,9-tetrah^ 

5 [0868] S-fS^.S.QTetrahydro-S-methoxy-S.S.S.S-tetramethylfuroP.S-hJisoquinolin-l -yl)benzoyl chloride hydrochlo- 
ride (0.50 g, 1.15 mmol) was added to a solution of 4-aminopyridine (0.119 g, 1.27 mmol) in pyridine (5 mL) and the 
mixture was stirred at 50 °C for 1 hour. The reaction solution was combined with a saturated aqueous solution of sodium 
hydrogen carbonate, and extracted with ethyl acetate. The extract was washed with water, and then concentrated 
under reduced pressure. The residue was recrystallized from ethyl acetate-diisopropyl ether to obtain the title com- 

10 pound (0.25 g, Yield: 48%). 
Melting point: 175-176 °C. 

1 H NMR (CDCI 3 ) 8 1.27 (6H, s), 1.31 (6H, s), 2.22 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.64 (1H, s), 7.48-7.58 (2H, m), 
7.72-7.88 (2H, m), 8.00-8.06 (2H, m), 8.48-8.54 (2H, m), 9.71 (1H, brs). 

15 EXAMPLE 154 

N-(3 f 5-Dichloro-4-pyridinyl)-3-(3,4 l 8 > 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 l 3-h]isoquinolin-1-yl) 
benzamide 

20 [0869] A mixture of 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 l 3-h]isoquinolin-1 -yl)benzoic acid hy- 
drochloride (2.1 7 g, 5.22 mmol) and thionyl chloride (2 mL) was stirred at 70 °C for 1 hour. The reaction solution was 
concentrated under reduced pressure, and the residue was combined with toluene, and concentrated under reduced 
pressure again. A solution of 4-Amino-3,5-dichloropyridine (0.50 g, 3.07 mmol) in N.N-dimethylformamide (10 mL) was 
cooled with ice and sodium hydride (66% suspension in oil) (0.379 g, 1 0.4 mmol) was added to the solution. And then, 

25 the acid chloride which had been previously prepared was added thereto. The mixture was stirred at room temperature 
for 30 minutes, poured into ice water, and then extracted with ethyl acetate. The extract was washed with water, and 
then concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 
gel (ethyl acetate) to obtain the title compound (0.35 g, Yield: 22%). 
Melting point: 227-228 °C. 

30 1H NMR (CDCI3) 8 1 .21 (6H, s), 1 .32 (6H, s), 2.23 (2H, s), 2.66 (2H, s), 3.93 (3H, s), 6.63 (1H, s), 7.52 (1 H, t, J = 7.8 
Hz), 7.69 (1 H, t, J = 7.8 Hz), 8.00-8.06 (2H, m), 8.57 (2H, s), 9.02 (1 H, br s). 

EXAMPLE 155 

35 N-tS-JS^.S^-Tetrahydro-e-methoxy-S.S^^-tetramethylfuro^.S-hJisoquinolin-l -yl)benzoyl]glycine ethyl ester 
hydrochloride 

[0870] Triethylamine (5.86 mL, 42.0 mmol) was added to a solution of 3-(3,4,8,9-tetrahydro-6-methoxy-3 I 3,8,8-te- 
tramethylfuro[2,3-h]isoquinolin-1-yl)benzoic acid hydrochloride (5.00 g, 12.0 mmol), glycine ethyl ester hydrochloride 

40 (1 .85 g, 13.2 mmol) and 1-hydroxy-1H-benzotriazole monohydrate (2.03 g, 13.2 mmol) in N,N-dimethylformamide (30 
mL). And then, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (3.00 g, 15.6 mmol) was added thereto. 
The mixture was stirred at room temperature for 5 hours, and then poured into a saturated aqueous solution of sodium 
hydrogen carbonate. This was extracted with ethyl acetate, and then the extract was washed with water, and concen- 
trated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ 

45 ethyl acetate 1 :1) to obtain a free base (5.05 g, Yield: 94%) of the title compound. 

1H NMR (CDCI3) 8 1 .25 (6H, s), 1 .30 (3H, t, J = 7.2 Hz), 1 .31 (6H, s), 2.17 (2H, s), 2.69 (2H, s), 3.93 (3H, s), 4.21-4.30 
(4H, m) t 6.62 (1H, s), 6.89-6.95 (1H, m), 7.42-7.55 (2H, m), 7.83-7.91 (2H, m). 

[0871] An aliquot was converted into a hydrochloride salt with 4 M solution of hydrogen chloride/ethyl acetate, and 
then concentrated under reduced pressure to obtain the title compound. 
50 Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1 .21 (6H, s), 1 .22 (3H, t, J = 7.8 Hz), 1 .47 (6H, s), 2.19 (2H, s), 2.78 (2H, s), 3.95 (3H, s), 4.03 
(2H, t, J = 6.2 Hz), 4.12 (2H, q, J = 7.8 Hz), 7.12 (1H, s), 7.75-7.83 (2H, m), 8.16 (1H, s), 8.22-8.29 (1H, m), 9.28-9.35 
(1H, m). 

55 
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EXAMPLE 156 

N-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetrame%^ hydrochloride 

5 [0872] 5 M aqueous solution of sodium hydroxide (5 mL) was added to a solution of N-[3-(3,4,8,9-tetrahydro-6-meth- 
oxy-S.S.e.B-tetramethylfurop.S-hlisoquinolin-l-ylJbenzoyllglycine ethyl ester (5.00 g, 11.1 mmol) in ethanol (20 mL) 
and the mixture was stirred at room temperature for 1 hour. 5 M hydrochloric acid (7.5 mL) was added to the reaction 
mixture and the mixture was concentrated under reduced pressure. The residue was combined with ethanol and filtered, 
and the filtrate was concentrated under reduced pressure, and this procedure was repeated 3 times. The residue was 

10 combined with diisopropyl ether, and a precipitate was recovered by filtration and dried to obtain the title compound 
(5.15 g, Yield: 98%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1.23 (6H, s), 1.47 (6H, s), 2.21 (2H, s), 3.18 (2H, s), 3.95 (3H, s), 3.96-4.06 (2H, m), 7.12 (1H, 
S), 7.70-7.82 (2H, m), 8.18-8.28 (2H, m), 9.20-9.28 (1H, m). 

15 

EXAMPLE 157 

N-(2-Amino-2-oxoethyl)-3-(3,4,8,9^ 

20 [0873] 1 -Ethyl-3-(3-dimethylaminopropyl)caroodiimide hydrochloride (0.422 g, 2.20 mmol) was added to a solution 
of N-[3-(3,4 l 8,9-tetrahydro-6-methoxy-3 J 3,8,8-tetramethytfuro[2,3-h]isoquinolin-1-yl)benzoyl]glycine hydrochloride 
(0.80 g, 1 .69 mmol) and 1 -hydroxy-1 H-benzotriazole monohydrate (0.285 g, 1 .86 mmol) in N,N-dimethylformamide (4 
mL) and the mixture was stirred at room temperature for 5 hours. Cone, aqueous ammonia (1 .7 mL) was added thereto, 
and the mixture was stirred at room temperature further for 1 .5 hours. The reaction solution was combined with water, 

25 and extracted with ethyl acetate. The extract was washed with water, and then concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a basic silica gel (ethyl acetate followed by ethyl acetate/ 
methanol 19:1) to obtain the title compound (0.43 g, Yield: 58%). An aliquot was recrystallized from ethyl acetate- 
diisopropyl ether. 
Melting point: 141-142 °C. 

30 1H NMR (CDCI 3 ) 5 1.23 (6H, s), 1.30 (6H, s), 2.16 (2H, s), 2.67 (2H, s), 3.93 (3H, s), 4.08 (2H, d, J = 5.0 Hz), 5.72 
(1 H, br s), 6.33 (1 H, br s), 6.62 (1 H, s), 7.43-7.55 (2H, m), 7.62-7.70 (1 H, m), 7.89-7.99 (2H, m). 

EXAMPLE 158 

35 N-[2-(Methylamino)-2-oxoethyl]-3-(3,4 f 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl) 
benzamide 

[0874] The title compound was obtained using a 40% solution of methylamine/methanol by the method similar to 
that in Example 157. Yield: 40%. 
40 Melting point: 212-213 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 8 1.23 (6H, s), 1.30 (6H, s), 2.16 (2H, s), 2.68 (2H, s), 2.83 (3H, d, J = 4.8 Hz), 3.93 (3H, s), 4.05 
(2H, d, J = 4.8 Hz), 6.21 (1H, brs), 6.62 (1H, s), 7.42-7.55 (3H, m), 7.88-7.96 (2H, m). 

EXAMPLE 159 

45 

N-[2-Oxo-2-(phenylamino)ethyl]-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl) 
benzamide 

[0875] Triethylamine (0.707 mL, 5.07 mmol) and aniline (0.170 mL, 1.86 mmol) were added to a solution of 
so N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoyl]glycine hydrochloride (0.80 

g, 1 .69 mmol) and 1 -hydroxy-1 H-benzotriazole monohydrate (0.285 g, 1 .86 mmol) in N,N-dimethylformamide (4 mL). 

And then, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.422g, 2.20 mmol) was added thereto and 

the mixture was stirred at room temperature for 2 hours. The reaction mixture was combined with a saturated aqueous 

solution of sodium hydrogen carbonate, and extracted with ethyl acetate. The extract was washed with water, and then 
55 concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel 

(hexane/ethyl acetate 1:1 followed by ethyl acetate/methanol 19:1) to obtain the title compound (0.30 g, Yield:35%). 

Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1 .23 (6H, s), 1 .27 (6H, s), 2.14 (2H, s), 2.65 (2H, s), 3.93 (3H, s), 4.21 (2H, d, J = 5.6 Hz), 6.62 
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(1 H, s), 7.1 0 (1 H, t, J = 7.6 Hz), 7.26-7.41 (3H, m), 7.46-7.57 (3H, m), 7.87-7.94 (2H, m), 8.06-8.15 (1 H, m), 8.90 (1 H, s). 
EXAMPLE 160 

N-[2-Oxo-2-[(4-pyridinylmethyl)am 
isoquinolin-1 -yl)benzamide 

[0876] The title compound was obtained using 4-(aminomethyl)pyridine by the method similar to that in Example 
159. Yield: 62%. 

Melting point: 197-198 °C (ethyl acetate-diisopropyl ether). 

1 H NMR (CDCI 3 ) 8 1.22 (6H, s), 1.29 (6H, s), 2.16 (2H, s), 2.67 (2H, s), 3.93 (3H, s), 4.12 (2H, d, J = 5.4 Hz), 4.43 
(2H, d, J = 6.0 Hz), 6.62 (1H, s), 7.11-7.19 (3H, m), 7.41-7.50 (2H, m), 7.65-7.71 (1H, m), 7.84-7.91 (1H, m), 7.97 (1H, 
S), 8.48-8.55 (2H, m). 

EXAMPLE 161 

N-[2-Oxo-2-[[2-(4-pyridinyl)ethyl]amino]ethyl]-3-[3,4,8 l 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 l 3-h] 
isoquinolin-1 -yl]benzamide 

[0877] The title compound was obtained using 4-(2-amlnoethyl)pyridine by the method similar to that in Example 

159. Yield: 82%. 

Amorphous. 

1 H NMR (CDCI3) 5 1 .20 (6H, s), 1 .30 (6H, s), 2.17 (2H, s), 2.66 (2H, s), 2.81 (2H, t, J = 6.0 Hz), 3.52 (2H, q, J = 6.0 
Hz), 3.92 (3H, s), 3.97 (2H, d, J = 5.4 Hz), 6.61 (1H, s), 6.72-6.78 (1 H, m), 7.10 (2H, d, J = 6.2 Hz), 7.41-7.50 (2H, m), 
7.76-7.81 (1H, m), 7.88-7.94 (1H, m), 7.98 (1H, s), 8.41-8.47 (2H, m). 

EXAMPLE 162 

N-p-tS-pyridinylJethyO-S-tS^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop^-hlisoquinolin-l-ylJbenzamide 

[0878] The title compound was obtained from S-tS^.S.Q-tetrahydro-S-methoxy-S.S.S.S-tetramethylfurop^-hJisoqui- 
nolin-1 -yl)benzoic acid hydrochloride and 3-(2-aminoethyl)pyridine by the method similar to that in Example 1 59. Yield: 
88%. 

Amorphous. 

1 H NMR (CDCI3) 6 1 .24 (6H, s), 1 .30 (6H, s), 2.18 (2H, s), 2.68 (2H, s), 2.87-2.96 (2H, m), 3.69 (2H, q, J = 6.6 Hz), 
3.93 (3H, s), 6.62 (1H, s), 6.71 (1H, brs), 7.21-7.28 (1H, m), 7.43-7.48 (2H, m), 7.58-7.62 (1H, m), 7.80-7.86 (2H, m), 
8.48-8.50 (2H, m). 

EXAMPLE 163 

N-[2-(2-Pyridinyl)ethyl]-3-(3,4,8,9-tetrahydro-6-m^ 

[0879] The title compound was obtained from 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1 -yl)benzoic acid hydrochloride and 2-(2-aminoethyl)pyridine by the method similar to that in Example 1 59. Yield: 
71%. 

Amorphous. 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .27 (6H, s), 2.17 (2H, s), 2.70 (2H, s), 3.09 (2H, t, J = 6.2 Hz), 3.85 (2H, q, J = 6.2 
Hz), 3.94 (3H, s), 6.64 (1H, s), 7.10-7.22 (2H, m), 7.4-0-7.51 (2H, m), 7.58-7.70 (2H, m), 7.80 (1H, m), 7.84-7.90 (1H, 
m), 8.42 (1H,d, J = 4.4 Hz). 

EXAMPLE 164 

N-[3-(4-Pyridinyl)propyl]-3-(3,4,8,9-tetrahydro-6-methoxy-3 I 3 ) 8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 

[0880] The title compound was obtained from 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)benzoic acid hydrochloride and 4-(3-aminopropyi)pyridine by the method similar to that in Example 159. 
Yield: 63%. 

Melting point: 175-176 °C (ethyl acetate-diisopropyl ether). 
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1 H NMR (CDCI 3 ) 5 1.23 (6H, s), 1.29 (6H, s), 1.82-1.99 (2H, m), 2.16 (2H, s), 2.62-2.72 (4H, m), 3.41-3.50 (2H, m), 
3.92 (3H, s), 6.60-6.65 (1 H, m), 7.13 (2H, d, J = 6.0 Hz), 7.43-7.46 (2H, m), 7.83-7.90 (2H, m), 8.50 (2H, d, J = 6.0 Hz). 

EXAMPLE 165 

N-[3-(3-Pyridinyl)propyl]-3-(3,4,8,9-tetrahydro-6-me^^ 

[0881] The title compound was obtained from 3-(3,4,8 1 9-tetrahydro-6-methoxy-3,3,8 1 8-tetramethylfuro[2 ) 3-h]isoqui- 
nolin-1-yl)benzoic acid hydrochloride and 3-(3-aminopropyl)pyridine by the method similar to that in Example 159. 
Yield: 55%. 

Melting point: 161-162 °C (ethyl acetate-diisopropyl ether). 

1 H NMR (CDCI3) 5 1 .21 (6H, s), 1 .29 (6H, s), 1 .79-1 .95 (2H, m), 2.14-2.1 8 (2H, m), 2.60-2.69 (4H, m), 3.38-3.49 (2H, 
m), 3.92 (3H, s), 6.61 (1H, s), 6.81-6.90 (1H, m), 7.18-7.24 (1H, m), 7.41-7.55 (3H, m), 7.86-7.93 (2H, m), 8.42-8.47 
(2H, m). 

EXAMPLE 166 

N-tS-tlH-lmidazol-l-yOpropyll-S-fS^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoquinolin-l-yl) 
benzamide 

[0882] The title compound was obtained from 3-(3 ) 4 ) 8 ) 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)benzoic acid hydrochloride and 1-(3-aminopropyl)imidazole by the method similar to that in Example 159. 
Yield: 70%. 

Melting point: 104-106 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .22 (6H, s), 1 .30 (6H, s), 2.04 (2H, quintet, J = 7.0 Hz), 2.1 8 (2H, s), 2.68 (2H, s), 3.36-3.47 (2H, 
m), 3.93 (3H, s), 4.01 (2H, t, J = 7.0 Hz), 6.62 (1H, s), 6.90-6.97 (2H, m), 7.05 (1H, s), 7.44-7.50 (3H, m), 7.85-7.90 
(2H, m). 

EXAMPLE 167 

N-[2-[4-(Aminosulfonyl)phenyl]ethyl]-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl) 
benzamide 

[0883] The title compound was obtained from 3-(3 ) 4,8 ) 9-tetrahydro-6-methoxy-3,3 I 8 ( 8-tetramethylfuro[2,3-h]isoqui- 
nolin-1 -yl)benzoic acid hydrochloride and 4-(2-aminoethyl)benzenesulfonamide by the method similar to that in Exam- 
ple 159. Yield: 85%. 

Melting point: 138-139 °C (ethyl acetate-diisopropyl ether). 

1 H NMR (CDCI3) 8 1.21 (6H, s), 1.28 (6H, s), 2.15 (2H, s), 2.68 (2H, s), 2.91-2.98 (2H, m), 3.63-3.75 (2H, m), 3.93 
(3H, s), 5.22 (2H, br s), 6.62 (1H, s), 6.78-6.84 (1H, m), 7.33 (2H, d, J = 8.0 Hz), 7.46 (2H, d, J = 4.8 Hz), 7.73-7.80 
(3H, m), 7.83-7.89 (1H, m). 

EXAMPLE 168 

N-(Hexahydro-2-oxo-1H-azepin-3-yl)-3-(3,4 t 8,9-te^^ 
benzamide 

[0884] The title compound was obtained from S-fS^.S^-tetrahydro-e-methoxy-S.S.S^-tetramethylfurop.S-hlisoqui- 
nolin-1-yl)benzoic acid hydrochloride and 3-aminohexahydro-2-azepinone by the method similar to that in Example 
159. Yield: 65%. 

Melting point: 187-188 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .25 (3H, s), 1 .27 (3H, s), 1 .30 (6H, s), 1 .50-2.25 (6H, m), 2.16 (2H, s), 2.70 (2H, s), 3.18-3.40 (2H, 
m), 3.93 (3H, s), 4.68-477 (1 H, m), 6.41 (1 H, brs), 6.62 (1 H, s), 7.41 -7.49 (2H, m), 7.75-7.80 (1 H, m), 7.88-7.96 (2H, m). 
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EXAMPLE 169 

N-(Hexahydro-5-oxo-1,4-thiazepin-6-yl)-3-(3,4,8,9-tetraty 
1-yl)benzamide 

[0885] The title compound was obtained from a^a^.S.Q-tetrahydro-e-methoxy-a.S.S.S-tetramethylfuro^.a-hlisoqui- 
nolin-1-yl)benzoic acid hydrochloride and 6-amino-1 ,4-thiazepin-5-one by the method similar to that in Example 159. 
Yield: 51%. 

Melting point: 206-207 °C (ethyl acetate-diisopropyl ether). 

1 H NMR (CDCI 3 ) 8 1 .26 (6H, s), 1 .29 (6H, s), 2.14 (2H, s), 2.50-2.89 (3H, m), 2.71 (2H, s), 2.87-2.97 (1 H, m), 3.58-3.83 
(2H, m), 3.93 (3H, s), 5.05-5.13 (1H, m), 6.62 (1H, s), 6.80-6.88 (1H, m), 7.45-7.50 (2H } m), 7.89-7.96 (3H, m). 

EXAMPLE 170 

N-[2-(4-Pyridinylamino)ethyl]-3-(3,4,8 l 9-tetrahydro-6-methoxy-3,3 ) 8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl) 
benzamide 

[0886] The title compound was obtained from 3-(3,4 I 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 l 3-h]isoqui- 
nolin-1-yl)benzoic acid hydrochloride and 4-[(2-aminoethyl)amino]pyridine by the method similar to that in Example 
159. Yield: 53%. 
Amorphous. 

1 H NMR (CDCI3) 6 1.22 (6H, s), 1.29 (6H, s), 2.17 (2H, s), 2.66 (2H, s), 3.30-3.39 (2H, m), 3.60-3.70 (2H, m), 3.92 
(3H, s), 5.12-5.18 (1H, m), 6.44 (2H, d, J = 5.2 Hz), 6.62 (1H, s), 7.38-7.44 (3H, m), 7.82-7.90 (2H, m), 8.14 (2H, d, J 
= 5.2 Hz). 

EXAMPLE 171 

N-[2-(2-Pyridinylamino)ethyl]-3-(3,4 } 8,9-tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2,3-h]isoquinolin-1-yl) 
benzamide 

[0887] The title compound was obtained from 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)benzole acid hydrochloride and 2-[(2-aminoethyl)amino]pyridine by the method similar to that in Example 
159. Yield: 33%. 
Amorphous. 

1 H NMR (CDCI3) 6 1.27 (12H, s), 2.14 (2H, s), 2.71 (2H, s), 3.63 (4H, s), 3.93 (3H, s), 4.91 (1H, br s), 6.40-6.52 (2H, 
m), 6.64 (1 H, 8), 7.29-7.39 (1 H, m), 7.43-7.48 (2H, m), 7.84 (1 H, s), 7.90-7.99 (2H, m), 8.49 (1 H, br s). 

EXAMPLE 172 

N-[2-(Diethylamino)ethyl]-3-(3 t 4,8 l 9-tetrahydro-6-methoxy-3 l 3,8 I 8-tetramethylfuro[2,3-hlisoquinolin-1-yl)benzamide 
dihydrochloride 

[0888] The title compound was obtained from N,N-diethylethylenediamine by the method similar to that in Example 

155. Yield: 47%. 

Amorphous. 

1 H NMR (DMSO-d 6 )S 1.22 (6H, t, J = 7.4 Hz), 1.24 (6H, s), 1.48 (6H, s), 2.20 (2H, s), 3.12-3.32 (4H, m), 3.62-3.81 
(6H, m), 3.95 (3H, s), 7.12 (1H, s), 7.72-7.81 (2H, m), 8.25-8.34 (2H, m). 

EXAMPLE 173 

N-(8-Methyl-8-azabicyclo[3.2.1]oct-3-yl)-3-(3,4,8,9-te^ 
1-yl)benzamide dihydrochloride 

[0889] The title compound was obtained using 3-amino-8-methyl-8-azabicycio[3.2.1]octane by the method similar 

to that in Example 155. Yield: 49%. 

Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.23 (6H. s), 1.43 (6H, s), 2.17-2.80 (14H, m), 2.96-3.22 (2H, m), 3.85 (2H, brs), 3.95 (3H, s), 
7.12 (1H, s), 7.72-7.79 (2H, m), 8.14-8.19 (1H, m), 8.27 (1H, s). 
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EXAMPLE 174 

N-(1-Azabicyclo[2.2.2]oct-3-yl)-3-(3,4,8,9-tetra^^ 
benzamide dihydrochloride 

5 

[0890] The title compound was obtained using 3-amino-1-azabicyclo[2.2.2]octane by the method similar to that in 

Example 155. Yield: 49%. 

Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.23 (6H, s), 1.48 (6H, s), 1.88-2.38 (7H, m), 3.18-3.83 (8H, m), 3.97 (3H, s), 4.27-4.48 (1H. 
10 m), 7.12 (1H, s), 7.70-7.78 (2H, m), 8.22-8.33 (1H, m), 8.43 (1H, s). 

EXAMPLE 175 

N-(2-Amino-2-oxoethyl)-4-(3,4 ) 8 I 9-tetrahydro-6-methoxy-3 I 3 ) 8 I 8-tetramethylfuro[2 f 3-h]isoquinolin-1-yl)benzamide 

15 

[0891] The title compound was obtained from 4-(3,4,8,9-tetrahydro-6-methoxy-3 t 3,8 ( 8-tetramethyIfuro[2,3-h]isoqui- 
nolin-1-yl)benzoic acid hydrochloride and glycinamide hydrochloride by the method similar to that in Example 159. 
Yield: 31%. 

Melting point: 135-136 °C (ethyl acetate-hexane). 
20 1H NMR (CDCI 3 ) 5 1.25 (6H, s), 1.31 (6H, s), 2.18 (2H, s), 2.70 (2H, s), 3.92 (3H, s), 4.13 (2H, d, J = 5.0 Hz), 5.85 
(1H, br s), 6.56-6.65 (2H, m), 7.44-7.57 (3H, m), 7.86 (2H, d, J = 8.0 Hz). 

EXAMPLE 176 

25 2-Methyl-N-[3-(3,4 s 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoyl]alanine ethyl 
ester 

[0892] Triethylamine (0.938 mL, 6.72 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride 
(0.479 g, 2.50 mmol) were added to a solution of S-tS^.B.g-tetrahydro-e-methoxy-S.S^.S-tetramethylfurop.S-hliso- 

30 quinolin-1 -yl)benzoic acid hydrochloride (0.80 g, 1 .92 mmol), 1 -hydroxy-1 H-benzotriazole monohydrate (0.324 g, 2.1 1 
mmol), ethyl 2-aminoisobutyrate hydrochloride (0.355 g } 2.1 1 mmol) in N,N-dimethylformamide (4 mL) and the mixture 
was stirred at room temperature for 2 hours. The reaction mixture was combined with water, and extracted with ethyl 
acetate. The extract was washed with water, and then concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a basic silica gel (ethyl acetate/methanol 1:1), and recrystallized from diisopropyl 

35 ether-hexane to obtain the title compound (0.63 g, Yield: 67%). 
Melting point: 114-115 °C. 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .28 (3H, t, J = 7.0 Hz), 1 .30 (6H, s), 1 .67 (6H, s), 2.17 (2H, s), 2.70 (2H, s), 3.93 (3H, 
s), 4.23 (2H, q, J = 7.0 Hz), 6.62 (1H, s), 6.88 (1H, brs), 7.42-7.51 (2H, m), 7.81-7.91 (2H, m). 

40 EXAMPLE 177 

2-Methyl-N-[3-(3,4 J 8,9-tetrahydro-6-methoxy-3,3,8 ) 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoyl]alanine 
hydrochloride 

45 [0893] 1 M aqueous solution of sodium hydroxide (8.0 mL) was added to a solution of 2-methyl-N-[3-(3,4,8,9-tetrahy- 
dro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzoyl]alanine ethyl ester (2.60 g, 5.28 mmol) in ethanol 
(10 mL) and the mixture was stirred at room temperature for 12 hours. 1 M hydrochloric acid (13.5 mL) was added to 
the reaction mixture and the mixture was concentrated under reduced pressure. The residue was combined with ethanol 
and filtered, and the filtrate was concentrated under reduced pressure, and this procedure was repeated 3 times. The 

50 residue was crystallized from ethyl acetate to obtain the title compound (2.38 g, Yield: 90%). 
Melting point: 197-201 °C. 

1 H NMR (DMSO-d 6 ) 5 1.24 (6H, br s), 1.49 (6H, s), 1.53 (6H, s), 2.22-2.30 (2H, m), 3.10-3.22 (2H, m), 3.95 (3H, s), 
7.12 (1H, s), 7.65-7.78 (2H, m), 8.16-8.22 (1H, m), 8.30 (1H, s), 8.90 (1H, m). 
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EXAMPLE 178 

N-(2-Amino-1,1-dimethyl-2-oxoet^ 
benzamide 

5 

[0894] 1-Ethyl-3-(3-dimethylaminopropyl)caroodiimide hydrochloride (0.920 g, 4.80 mmol) was added to a solution 
of 2-methyl-N-[3-(3,4,8 t 9-tetrahydro-6-methoxy-3 l 3,8,8-tetram hydro- 
chloride (1.85 g, 3.69 mmol), 1-hydroxy-1 H-benzotriazole monohydrate (0.622 g, 4.06 mmol) in N.N-dimethylforma- 
mide (20 mL) and the mixture was stirred at room temperature for 15 minutes. Cone, aqueous ammonia (3.7 mL) was 

10 added thereto and the mixture was stirred at room temperature further for 1 5 minutes. The reaction solution was com- 
bined with water, and extracted with ethyl acetate. The extract was washed with water, and then concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (ethyl acetate/hexane 
9:1 followed by ethyl acetate/methanol 19:1), and then recrystallized from ethyl acetate-diisopropyl ether to obtain the 
title compound (1.05 g, Yield: 61%). 

15 Melting point: 129-131 °C. 

1 H NMR (CDCI 3 ) 5 1 .25 (6H, s), 1 .31 (6H, s), 1 .69 (6H, s), 2.19 (2H, s), 2.70 (2H, s), 3.93 (3H, s), 5.58 (1 H, br s), 6.48 
(1H, brs), 6.62 (1H, 5), 7.11 (1H, s), 7.42-7.48 (2H, m), 7.86-7.90 (2H, m). 

EXAMPLE 179 

20 

N-Methyl-3-(3 l 43,9-tetrahydro-6-methoxy-3 > 33,8-tetramethylfuro[2 > 3-h]isoquinolin-1-yl)benzamide 

[0895] 1 -Ethyl-3-(3-dimethylaminopropyl)caroodiimide hydrochloride (0.479 g, 2.50 mmol) was added to a solution 
of S-tS^.B^-tetrahydro-e-methoxy-S^.B.S-tetramethylfurop.S-hlisoquinolin-l-ylJbenzoic acid hydrochloride (0.80 g, 

25 1 .92 mmol), 1 -hydroxy-1 H-benzotriazole monohydrate (0.324 g, 2.1 1 mmol) in N,N-dimethylformamide (4 mL) and the 
mixture was stirred at room temperature for 20 minutes. 40% solution of methylamine/methanol (1 .0 mL) was added 
to the reaction mixture and the mixture was stirred at room temperature further for 2 hours. The reaction solution was 
combined with water, and extracted with ethyl acetate. The extract was washed with water, and then concentrated 
under reduced pressure. The residue was recrystallized from ethyl acetate-diisopropyl ether to obtain the title com- 

30 pound (0.39 g, Yield: 62%). 
Melting point: 206-207 °C. 

1 H NMR (CDCI3) 8 1 .24 (6H, s), 1 .29 (6H, s), 2.1 6 (2H, s), 2.67 (2H, s), 2.98 (3H, d, J = 4.6 Hz), 3.93 (3H, s), 6.58-6.70 
(1H, m), 6.62 (1H, s), 7.40-7.48 (2H, m), 7.78 (1H, s), 7.83-7.90 (1H, m). 

35 (Alternative synthetic method) 

[0896] A mixture of 1-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1-propanol (1.13 g, 4.50 
mmol), 3-cyano-N-methylbenzamide (0.60 g, 3.75 mmol), acetic acid (4 mL) and toluene (6 mL) was cooled with ice, 
and cone, sulfuric acid (0.519 mL, 9.75 mmol) was added thereto. The mixture was stirred at 80 °C for 1 hour, and 

40 then the reaction solution was allowed to cool to room temperature, and combined with water. This was washed with 
diethyl ether, and then the aqueous layer was basified with cone, aqueous ammonia, and extracted with ethyl acetate. 
The extract was washed with water, and concentrated under reduced pressure. The residue was crystallized from ethyl 
acetate-hexane to obtain 0.79 g of the material. This was recrystallized from ethyl acetate to obtain the title compound 
(0.61 g, Yield: 42%). 

45 Melting point: 202-203 °C. 

EXAMPLE 180 

N-Ethyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 

50 

[0897] The title compound was obtained from S-tS^.S^-tetrahydro-e-methoxy-S.S.S.e-tetramethylfuro^.S-hJisoqui- 
nolin-1-yl)benzoic acid hydrochloride and a 70% aqueous solution of ethylamine by the method similar to that in Ex- 
ample 157. 
Yield: 58%. 

55 Melting point: 186-187 °C (ethyl acetate-diisopropyl ether). 

1 H NMR (CDCI3) 8 1.24 (3H, t, J = 5.4 Hz), 1.25 (6H, s), 1.30 (6H, s), 2.17 (2H, s), 2.69 (2H, s), 3.41-3.55 (2H, m), 
3.93 (3H, s), 6.38-6.45 (1H, m), 6.62 (1H, s), 7.42-7.48 (2H, m), 7.78 (1H, s), 7.85-7.91 (1H, m). 
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EXAMPLE 181 

3 p 4,8,9-Tetrahydro-6-methoxy-3,3,8 1 8-tetramethy^ 

5 [0898] Phosphorus pentoxide (0.68 g, 2.41 mmol) was added to a solution of N-[2-(2,3-dihydro-7-methoxy-2,2-dime- 
thyl-5-benzofuranyl)-1 ,1-dimethylethyl]-N'-phenylurea (0.68 g, 1.85 mmol) in phosphorus oxychloride (3 ml_) and the 
mixture was stirred at 80 °C for 1 0 minutes. The reaction mixture was added to an excessive saturated aqueous solution 
of sodium hydrogen carbonate, and the mixture was extracted with ethyl acetate. The extract was washed with water, 
and then concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica 

10 gel (hexane/ethyl acetate 3:2) to obtain the title compound (0.34 g, Yield: 52%). An aliquot was recrystallized from 
hexane-ethyl acetate. Melting point: 135-136 °C. 

1 H NMR (CDCI 3 ) 6 1.17 (6H, s), 1.51 (6H, s), 2.79 (2H, s), 3.53 (2H, s), 3.91 (3H. s), 4.59 (1H, br s), 6.52 (1H, s), 
6.88-6.93 (2H, m), 6.95-7.04 (1H, m), 7.29-7.37 (2H, m). 

15 EXAMPLE 182 

3,4,8,9-Tetrahydro-6-methoxy-N-(4-methoxyphenyl)-3,3,8,8-tetramethyl-1-furo[2,3-h]isoquinolinamine 

[0899] Amixtureof N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzof uranyl)-1 , 1 -dimethylethyl]-N , -(4-methoxyphe- 
20 nyl)urea (1.00 g, 2.51 mmol), phosphorus oxychloride (1.92 g, 12.6 mmol) and toluene (10 mL) was stirred at room 
temperature for 2 hours, and at 80 °C further for 30 minutes. The reaction mixture was poured into excessive aqueous 
solution of sodium hydroxide, and extracted with ethyl acetate. The extract was washed with water, and then concen- 
trated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl 
acetate 2:3) to obtain the title compound (0.50 g, Yield: 52%). An aliquot was recrystallized from hexane-ethyl acetate. 
25 Melting point: 139-140 °C. 

1 H NMR (CDCI3) 51.17 (6H, s), 1 .51 (6H, s), 2.78 (2H, s), 3.53 (2H, s), 3.80 (3H, s), 3.90 (3H, s) ( 4.62 (1 H, br s), 6.52 
(1H,s), 6.81-6.93 (4H,m). 

EXAMPLE 183 

30 

S^.S^-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-tl-piperidinylJfuroP.S-hlisoquinoline hydrochloride 

[0900] A free base of the title compound was obtained from N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofura- 
nyl)-1,1-dimethylethyl]-1-piperidinecarboxamide by the method similar to that in Example 182. This was dissolved in 
35 ethanol. 4 M solution of hydrogen chloride/ethyl acetate was added to the reaction mixture and the mixture was con- 
centrated under reduced pressure. The residue was recrystallized from ethanol-diethyl ether to obtain the title com- 
pound. Yield: 20%. 
Melting point: 137-139 °C. 

1 H NMR (DMSO-d 6 ) 5 1.22 (6H, s), 1.42 (6H, s), 1.64 (6H, s), 2.86 (2H, s), 3.12 (2H, s), 3.42-3.75 (4H, m), 3.86 (3H, 
40 s), 6.96(1 H,s), 9.31 (1H,s). 

EXAMPLE 184 

8' I 9 , -Dihydro-6 , -methoxy-8 , ) 8 , -dimethyl-1 , -phenylspiro[cyclohexane-1,3 , (4 , H)-furo[2,3-h]isoquinoline] hydrochloride 

45 

[0901] Cone, sulfuric acid (0.333 mL, 6.24 mmol) was added to a solution of 5-(cyclohexylidenemethyl)-2,3-dihydro- 
7-methoxy-2,2-dimethylbenzofuran (0.85 g, 3.12 mmol) and benzonitrile (0.350 mL, 3.43 mmol) in acetic acid (4 mL) 
and the mixture was stirred at 80 °C for 1 0 minutes. The reaction solution was added to an aqueous solution of sodium 
hydroxide, and the mixture was extracted with ethyl acetate. The extract was washed with water, and then concentrated 
50 under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 
3: 1 ) to obtain a free base (0.54 g , Yield: 46%) of the title compound as an oil. This was dissolved in ethanol. 4 M solution 
of hydrogen chloride/ethyl acetate was added to the mixture and the mixture was concentrated under reduced pressure. 
The residue was precipitated from ethanol-diisopropyl ether to obtain the title compound (0.51 g, Yield: 40%). 
Amorphous. 

55 1H NMR (DMSO-d 6 ) 6 1 .22 (6H, s), 1 .25-1 .85 (10H, m), 2.15 (2H, s), 3.31 (2H, s), 3.94 (3H, s), 7.19 (1H, s), 7.58-7.80 
(5H, m). 
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EXAMPLE 185 

S^'-Dihydro-e'-methoxy-V-^-m^ 
hydrochloride 

5 

[0902] The title compound was obtained using 4-methoxybenzonitrile by the method similar to that in Example 1 84. 

Yield: 45%. 

Amorphous. 

1H NMR (DMSO-d 6 ) 5 1 .25 (6H, s), 1 .32-1 .80 (10H, m), 2.31 (2H, s), 3.33 (2H, s), 3.88 (3H, s), 3.92 (3H, s), 7.14 (1H, 
w s), 7.16 (2H, d, J = 8.6 Hz), 7.55 (2H, d, J = 8.6 Hz). 

EXAMPLE 186 

S^.B^-Tetrahydro-S.S^.S-tetramethyl-e^l-methylethoxyJ-l-phenylfurop.S-hlisoquinoline hydrochloride 

15 

[0903] A free base of the title compound was obtained from 3,4,8 ( 9-tetrahydro-3,3,8,8-tetramethyl-1 -phenyl-6-furo 
[2,3-h]isoquinolinol and 2-iodopropane by the method similar to that in Example 99. This was dissolved in hexane and 
4 M solution of hydrogen chloride/ethyl acetate was added thereto. The mixture was concentrated under reduced 
pressure, and crystallized from hexane-ethyl acetate to obtain the title compound. Yield: 71%. 
20 Melting point: 154-155 °C. 

1H NMR (DMSO-d 6 ) 5 1 .22 (6H, s), 1 .33 (6H, d, J = 6.0 Hz), 1 .44 (6H, s), 2.15 (2H, s), 3.15 (2H, s), 4.82-4.95 (1 H, m), 
7.10 (1H,s), 7.62-7.77 (5H, m). 

EXAMPLE 187 

25 

6-(Cyclopentyloxy)-3,4,8 I 9-tetrahydro-3 ) 3,8 l 8-tetramethyl-1-phenylfuro[2,3-h]isoquinoline 

[0904] The title compound was obtained from 3,4,8, 9-tetrahydro-3,3,8,8-tetramethyl-1 -phenyl-6-furo[2,3-h]isoquin- 
olinol and bromocyclopentane by the method similar to that in Example 99. Yield: 43%. 
30 Melting point: 73-74 °C (hexane). 

1 H NMR (CDCI 3 ) 8 1.24 (6H, s), 1.28 (6H, s), 1.55-2.00 (8H, m), 2.15 (2H, s), 2.66 (2H, s), 4.84-4.92 (1H, m), 6.59 
(1H, s), 7.38 (5H, s). 

EXAMPLE 188 

35 

S^.S.g-Tetrahydro-S.S.e^-tetramethyl-l-phenylfurop.S-hJisoquinolin-e-yl acetate hydrochloride 

[0905] Acetic anhydride (2 mL) was added to a solution of 3,4,8,9-tetrahydro-3,3 ( 8,8-tetramethyl-1-phenyl-6-furo 
[2,3-h]isoquinolinol (567 mg, 1.76 mmol) in pyridine (2 mL) and the mixture was stirred at room temperature for 12 

40 hours. A saturated aqueous solution of sodium hydrogen carbonate was poured into the reaction mixture, which was 
then extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over 
magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chro- 
matography on a silica gel (hexane/ethyl acetate 3:1) to obtain a free base of the title compound. This was dissolved 
in ethyl acetate, combined with 4 M solution of hydrogen chloride/ethyl acetate, concentrated under reduced pressure, 

45 and crystallized from hexane-ethyl acetate to obtain the title compound (533 mg, Yield: 76%). 
Melting point: 155-165 °C. 

1H NMR (DMSO-d 6 ) 5 1 .23 (6H, s), 1 .45 (6H, s), 2.37 (2H, s), 2.31 (3H, s), 3.16 (2H, s), 7.22 (1 H, s), 7.66-7.80 (5H, m). 
EXAMPLE 189 

50 

S^.e.g-Tetrahydro-S^.B.S-tetramethyl-l-phenylfuro^.S-hlisoquinolin-e-yl benzoate hydrochloride 

[0906] The title compound was obtained from benzoyl chloride by the method similar to that in Example 1 88. Yield: 
75%. 

55 Melting point: 1 60-1 65 °C (ethyl acetate). 

1 H NMR (DMSO-d 6 ) 5 1 .23 (6H, s), 1 .47 (6H, s), 2.28 (2H, s), 3.18 (2H, s), 7.34 (1H, s), 7.60-7.85 (8H, m), 8.14 (2H, 
d, J = 7.4 Hz). 
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EXAMPLE 190 

e-Butoxy-SAS.Q-tetrahydro-a.S^,^^ 

5 [0907] Sodium hydride (66% suspension in oil) (61 mg, 1.69 mmol) and 1-iodobutane (0,19 mL, 1.65 mmol) were 
added sequentially to a solution of 3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1 -phenyl-6-furo[2,3-h]isoquinolinol (495 mg , 
1 .54 mmol) in N, N -d imethy If orm amide (5 mL) and the mixture was stirred at room temperature for 2 hours. The reaction 
mixture was poured into water, and extracted twice with ethyl acetate. The combined organic layer was washed with 
water (twice) and a brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The res- 

10 jdue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5:1 followed by 3:1), and recrys- 
tallized from hexane to obtain the title compound (357 mg, Yield: 61%). 
Melting point: 99-101 °C. 

1 H NMR (CDCI 3 ) 6 0.98 (3H, t, J = 7.4 Hz), 1 .25 (6H, s), 1 .29 (6H, s), 1 .39-1 .58 (2H, m), 1 .68-1 .90 (2H, m), 2.1 7 (2H, 
s), 2.67 (2H, s), 4.10 (2H, t, J = 7.0 Hz), 6.60 (1H, s), 7.38 (5H, s). 

15 

EXAMPLE 191 

S^.S.g-Tetrahydro-a.S.S.S-tetramethyl-l-phenyl-S-propoxyfurop.a-hlisoquinoline hydrochloride 

20 [0908] A free base of the title compound was obtained using 1 -iodopropane by the method similar to that in Example 
190. This was dissolved in ethyl acetate, combined with 4 M solution of hydrogen chloride/ethyl acetate, and concen- 
trated under reduced pressure to obtain the title compound. Yield: 91%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 0.97 (3H, t, J = 7.3 Hz), 1 .23 (6H, s), 1 .44 (6H, s), 1 .68-1 .88 (2H, m), 2.1 6 (2H, s), 3.15 (2H, s), 
25 4.14 (2H, t, J = 6.8 Hz), 7.10 (1 H, s), 7.60-7.80 (5H, m). 

EXAMPLE 192 

3 ) 4,8,9-Tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-(phenylmethoxy)furo[2,3-h]isoquinoline 

30 

[0909] The title compound was obtained using benzyl bromide by the method similar to that in Example 190. Yield: 
74%. 

Melting point: 129-131 °C (diethyl ether-hexane). 

1 H NMR (CDCI3) 5 1 .22 (6H, s), 1 .31 (6H, s), 1 .18 (2H, s), 2.62 (2H, s), 5.23 (2H, s), 6.60 (1H, s), 7.30-7.48 (1 OH, m). 

35 

EXAMPLE 193 

3,4 I 8,9-Tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-(2-pyridinylmethoxy)furo[2,3-h]isoquinoline dihydrochloride 

40 [0910] A free base of the title compound was obtained using 2-(chloromethyl)pyridine hydrochloride by the method 
similar to that in Example 190. This was dissolved in ethyl acetate, combined with 4 M solution of hydrogen chloride/ 
ethyl acetate, concentrated under reduced pressure, and crystallized from ethanol-ethyl acetate to obtain the title com- 
pound. Yield: 90%. 
Melting point: 170-210 °C. 

45 1H NMR (CDCI3) 6 1 .33 (6H, s), 1 .69 (6H, s), 2.25 (2H, s), 3.05 (2H, s), 5.92 (2H, s), 7.09 (1 H, s), 7.57-7.74 (5H, m), 
7.85-7.95 (1H, m), 8.20 (1H, d, J = 7.6 Hz), 8.42-8.56 (1H, m), 8.75 (1H, d, J = 4.8 Hz). 

EXAMPLE 194 

50 3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-(3-pyridinylmethoxy)furo[2,3-h]isoquinoline 

[0911] The title compound was obtained from 3-(chloromethyl)pyridine hydrochloride by the method similar to that 
in Example 190. Yield: 85%. 
Melting point: 112-115 °C (hexane). 
55 1H NMR (CDCI3) 5 1 .31 (6H, s), 1 .32 (6H, s), 2.1 9 (2H, s), 2.70 (2H, s), 5.26 (2H, s), 6.64 (1 H, s), 7.33 (1 H, d, J = 7.4, 
4.8 Hz), 7.43 (5H, s), 7.80 (1 H, dd, J = 7.4, 1 .6 Hz), 8.59 (1 H, dd, J = 4.8, 1 .6 Hz), 8.68 (1 H, d, J = 1 .6 Hz). 
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EXAMPLE 195 

3,4,8,9-Tetrahydro-3,3,8,8-tetram 

5 [0912] The title compound was obtained from 4-(chloromethyl)pyridine hydrochloride by the method similar to that 
in Example 190. Yield: 79%. 
Melting point: 122-124 °C (hexane). 

1 H NMR (CDCI 3 ) 8 1 .22 (6H, s), 1 .32 (6H, s), 2.19 (2H, s), 2.61 (2H, s), 5.25 (2H, s), 6.53 (1 H, s), 7.36 (2H, d, J = 6.2 
Hz), 7.38 (5H, s), 8.61 (2H f d, J = 6.2 Hz). 

10 

EXAMPLE 196 

SAS^-Tetrahydro-S^.S.S-tetramethyl-l-pheny^^ 

15 [091 3] The title compound was obtained using cinnamyl chloride by the method similar to that in Example 1 90. Yield: 
78%. 

Melting point: 121-123 °C (hexane-diethyl ether). 

1H NMR (DMSO-d 6 ) 5 1 .13 (6H, s), 1 .21 (6H, s), 2.18 (2H, s), 2.63 (2H, s), 4.78 (2H, d, J = 6.0 Hz), 6.45-6.59 (1 H, m), 
6.78 (1H, d, J = 16.8 Hz), 6.88 (1H, s), 7.28-7.52 (10H, m). 

20 

EXAMPLE 197 

3,4,8,9-Tetrahydro-3,3 ) 8,8-tetramethyl-1-phenyl-6-(3-phenylpropoxy)furo[2,3-h]isoquinoline hydrochloride 

25 [091 4] A free base of the title compound was obtained using 1 -bromo-3-phenylpropane by the method similar to that 
in Example 190. This was dissolved in ethyl acetate, combined with 4 M solution of hydrogen chloride/ethyl acetate, 
concentrated under reduced pressure, and crystallized from hexane to obtain the title compound. Yield: 89%. 
Melting point: 165-180 °C. 

1H NMR (DMSO-d 6 ) 5 1 .24 (6H, s), 1 .45 (6H, s), 2.02-2.16 (2H, m), 2.17 (2H, s), 2.74 (2H, t, J = 8.0 Hz), 3.14 (2H, s), 
30 4.19 (2H, t, J = 6.0 Hz), 7.07 (1H, s), 7.18-7.38 (5H, m), 7.63-7.80 (5H, m), 12.68 (1 H, br s). 

EXAMPLE 198 

S^.B^-Tetrahydro-S.S.S.S-tetramethyl-l-phenyl-e-tfS-phenylpentyOoxylfuroP.S-hjisoquinoline 

35 

[0915] The title compound was obtained using 1-bromo-5-phenylpentane by the method similar to that in Example 
190. Yield: 79%. 

Melting point: 104-106 °C (hexane). 

1 H NMR (CDCI3) 8 1.25 (6H, s), 1.29 (6H, s), 1.45-1.94 (6H, m), 2.17 (2H, s), 2.64 (2H, t, J = 7.8 Hz), 2.67 (2H, s), 
40 4.09 (2H, t, J = 6.8 Hz), 6.58 (1H, s), 7.17-7.35 (5H, m), 7.38 (5H, s). 

EXAMPLE 199 

Ethyl (3 AB^-tetrahydro-S.S.B.B^etramethyl-l -phenylfuro[2,3-h]isoquinolin-6-yl) carbonate hydrochloride 

45 

[0916] A free base of the title compound was obtained using ethyl chloroformate by the method similar to that in 
Example 190. This was dissolved in ethyl acetate, combined with 4 M solution of hydrogen chloride/ethyl acetate, 
concentrated under reduced pressure, and crystallized from hexane-ethyl acetate to obtain the title compound. Yield: 
71%. 

so Melting point: 1 44-1 47 °C. 

1 H NMR (DMSO-d 6 ) 5 1.24 (6H, s), 1.29 (3H, t, J = 7.1 Hz), 1.45 (6H, s), 2.25 (2H, s), 3.16 (2H, s), 4.28 (2H, q, J = 
7.1 Hz), 7.33 (1H, s), 7.65-7.80 (5H, m). 

EXAMPLE 200 

55 

SAB.g-Tetrahydro-S.S.B.B^etramethyM^ 

[0917] The title compound was obtained using 5-chloro-1 -phenyl 1H-tetrazole by the method similar to that in Ex- 
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ample 190. Yield: 88%. 

Melting point: 191-193 °C (diethyl ether). 

1 H NMR (CDCI 3 ) 5 1.24 (6H, s). 1.27 (6H, s), 2.24 (2H, s), 2.71 (2H, s), 7.09 (1H, s), 7.41 (5H, s), 7.50-7.62 (3H, m), 
7.82-7.88 (2H, m). 

EXAMPLE 201 

6-(Fluoromethoxy)-3,4,8,9-tetrahydro-3,3 l 8 l 8-tetramethyl-1-phenylfuro[2 l 3-h]isoquinoline 

[0918] The title compound was obtained using bromofiuoromethane by the method similar to that in Example 190. 
Yield: 75%. 

Melting point: 120-122 °C (hexane-diethyl ether). 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .31 (6H, s), 2.21 (2H, s), 2.69 (2H, s), 5.80 (2H, d, J = 54.2 Hz), 6.85 (1 H, s), 7.40 (5H, s). 
EXAMPLE 202 

2-[[(3 ) 4,8,9-Tetrahydro-3,3,8,8-tetramethy^ 
dione 

[091 9] The title compound was obtained using N-(bromomethyl)phthalimide by the method similar to that in Example 
190. Yield: 92%. 

Melting point: 191-193 °C (diethyl ether). 

1 H NMR (CDCI3) 6 1 .20 (6H, s), 1 .24 (6H, s), 2.1 6 (2H. s), 2.62 (2H, s), 5.73 (2H, s), 6.77 (1 H, s), 7.38 (5H, s), 7.75-7.79 
(2H, m), 7.89-7.94 (2H, m). 

EXAMPLE 203 

[(3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-1 -phenylfuro[2,3-h]isoquinolin-6-yl)oxy]acetic acid methyl ester 

[0920] The title compound was obtained using methyl bromoacetate by the method similar to that in Example 1 90. 
Yield: 72%. 

Melting point: 82-84 °C (hexane-diethyl ether). 

1 H NMR (CDCI 3 )6 1.24 (6H, s), 1.29 (6H, s),2.17(2H, s), 2.65 (2H. s), 3.81 (3H, s), 4.78 (2H, s), 6.57 (1H, s), 7.38 
(5H, s). 

EXAMPLE 204 

2-[(3 ) 4,8,9-Tetrahydro-3 ) 3 ) 8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)oxy]acetamide 

[0921 ] 5 M solution of ammonia/methanol (7 mL) was added to a mixture of [(3,4,8, g-tetrahydro-S.S.S.S-tetramethyl- 
1-phenylfuro[2,3-h]isoquinolin-6-yl)oxy]acetic acid methyl ester (501 mg, 1.27 mmol) and sodium cyanide (6.2 mg, 
0.127 mmol) and the mixture was stirred in sealed tube at 45 °Cfor5 hours. Methanol was distilled off under reduced 
pressure, and water was poured into the residue, which was then extracted twice with ethyl acetate. The combined 
organic layer was washed with brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure. 
The resultant crystals were washed with diethyl ether to obtain the title compound (409 mg, Yield: 85%). 
Melting point: 117-119 °C. 

1 H NMR (CDCI3) 5 1 .25 (6H, s), 1 .30 (6H, s), 2.20 (2H, s), 2.68 (2H, s), 4.62 (2H, s), 5.63 (1 H, br s), 6.63 (1 H, s), 6.80 
(1H,brs), 7.39 (5H, s). 

EXAMPLE 205 

[(S^.S.g-Tetrahydro-S.S.S.S-tetramethyl-l-phenylfurop.S-hlisoquinolin-e-yOoxylacetate hydrochloride 

[0922] 2 M aqueous solution of sodium hydroxide (3.1 3 mL, 6.26 mmol) was added to a solution of [(3,4,8,9-tetrahy- 
dro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)oxy]acetic acid methyl ester (1.23 g, 3.13 mmol) in metha- 
nol (6 mL) and the mixture was stirred at room temperature for 4 hours. Methanol was distilled off under reduced 
pressure, and water was poured into the residue, which was then neutralized with 2 M hydrochloric acid. 4 M solution 
of hydrogen chloride/ethyl acetate (1.17 mL, 4.68 mmol) was added to the mixture and the mixture was concentrated 
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under reduced pressure. The residue was dissolved in methanol, and the insolubles were filtered off, and mother liquor 
was concentrated under reduced pressure. The same procedure was repeated twice, and then the title compound 
(1.17 g, Yield: 90%) was obtained. 
Amorphous. 

5 1H NMR (CDCI 3 ) 5 1.29 (6H, s), 1.54 (6H, s), 2.18 (2H, s), 2.93 (2H, s), 4.66 (2H, s), 6.66 (1H, s), 7.48-7.70 (5H, m). 
EXAMPLE 206 

N-Methyl-2-[(3,4,8,9-tetrahydro-3,3,8,8-tetrame hydrochloride 

10 

[0923] N,N'-Carbonyldiimidazole (1 87 mg, 1 .1 5 mmol) was added to a solution of [(SAS.g-tetrahydro-S.S.S.S-tetram- 
ethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)oxy]acetate hydrochloride (435 mg, 1 .05 mmol) in N,N-dimethylformamide (4 
ml_) and the mixture was stirred at room temperature for 2 hours. Methylamine hydrochloride (78 mg, 1 .15 mmol) and 
triethylamine (0.32 ml_, 2.31 mmol) were added, and the mixture was stirred at room temperature further for 5 hours. 

'5 ice water was poured into the reaction mixture, which was then extracted twice with ethyl acetate. The combined 
organic layer was washed twice with brine, dried over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 1 :1 followed 
by ethyl acetate) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M 
solution of hydrogen chloride/ethyl acetate, and concentrated under reduced pressure to obtain the title compound 

20 (330 mg, Yield: 73%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1 .24 (6H, s), 1 .44 (6H, s), 2.17 (2H, s), 2.66 (3H, d, J = 4.8 Hz), 3.13 (2H, s), 4.72 (2H, s), 6.99 
(1H, s), 7.63-7.80 (5H, m), 8.17 (1H, d, J = 4.8 Hz). 

25 EXAMPLE 207 

N,N-Dimethyl-2-[(3,4,8,9-tetrahydro-3,3,8 1 8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)oxy]acetamide 

[0924] Triethylamine (0.22 mL, 1 .60 mmol) was added to a solution of [(SAS^-tetrahydro-S.S.S.S-tetramethyM -phe- 
30 nylfuro[2,3-h]isoquinolin-6-yl)oxy]acetic acid hydrochloride (604 mg, 1.45 mmol) in tetrahydrofuran (6 mL) and the 
mixture was stirred at room temperature for 3 minutes. N,N'-carbonyldiimidazole (259 mg, 1 .60 mmol) was added to 
the reaction mixture and the mixture was stirred at room temperature for 2 hours. 2 M solution of dimethylamine/ 
tetrahydrofuran (0.80 mL, 1 .60 mmol) was added to the reaction mixture and the mixture was stirred at room temper- 
ature for 1 hour. Water was poured into the mixture, which was then extracted twice with ethyl acetate. The combined 
35 organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
The residue was crystallized from ethyl acetate-diethyl ether to obtain the title compound (422 mg, Yield: 72%). 
Melting point: 120-140 °C. 

1 H NMR (CDCI3) 6 1 .26 (6H, s), 1 .29 (6H, s), 2.17 (2H, s), 2.69 (2H, s), 2.99 (3H, s), 3.10 (3H, s), 4.83 (2H, s), 6.67 
(1H,s), 7.39 (5H,s). 

40 

EXAMPLE 208 

2-[(3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)oxy]ethanamine 

45 [0925] Sodium hydride (66% suspension in oil) (142 mg, 3.92 mmol) was added to a solution of 3,4,8,9-tetrahydro- 
3,3,8,8-tetramethyl-1-phenyl-6-furo[2,3-h]isoquinolinol (1.20 g, 3.73 mmol) in N.N-dimethylformamide (6 mL) and the 
mixture was stirred at room temperature for 15 minutes. N-(2-Bromoethyl)phthalimide (949 mg, 3.73 mmol) was added 
to the reaction mixture, and the mixture was stirred at room temperature for 1 hour, and then at 60 °C for 3 hours. 
N-(2-bromoethyl)phthalimide (949 mg, 3.73 mmol) and potassium carbonate (542 mg, 3.92 mmol) were added at room 

50 temperature, and the mixture was stirred at 50 °C for 3 hours. Water was poured into the reaction mixture, which was 
then extracted twice with ethyl acetate. The combined organic layer was washed twice with water and brine, dried over 
sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a silica gel (hexane/ethyl acetate 50:1 followed by ethyl acetate) to obtain 2-[2-[(3,4,8,9-tetrahydro- 
3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)oxy]ethyl]-1H-isoindole-1,3(2H)-dione (707 mg, Yield: 38%). 

55 1H NMR (CDCI3) 5 1.21 (6H, s), 1.22 (6H, s), 2.13 (2H, s), 2.62 (2H, s), 4.12 (2H, t, J = 6.4 Hz), 4.39 (2H, t, J = 6.4 
Hz), 6.70 (1H, s), 7.35-7.37 (5H, m), 7.70-7.75 (2H, m), 7.84-7.88 (2H, m). 

[0926] 2-[2-[(3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)oxy]ethyl]-1H-isoindole-1,3 
(2H)-dione (708 mg, 1 .42 mmol) was dissolved in ethanol (7 mL), hydrazine monohydrate (0.072 mL, 1 .50 mmol) was 
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added thereto, and the mixture was stirred at 80 °C for 1 .5 hours. The insolubles were removed by filtration, and the 
filtrate was concentrated under reduced pressure. A dilute aqueous solution of sodium hydroxide was poured into the 
residue, which was then extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried 
over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chro- 
5 matography on a silica gel (hexane/ethyl acetate 3:1 followed by ethyl acetate), and crystallized from hexane-diethyl 
ether to obtain the title compound (56 mg, Yield: 11%). 
Melting point: 77-79 °C. 

1 H NMR (CDCI 3 ) 8 1.24 (6H, s), 1 .30 (6H, s), 2.18 (2H, s), 2.67 (2H, s), 3.11 (2H, t, J = 5.3 Hz), 4.08-4.1 8 (2H, m), 
6.63 (1H,s),7.38 (5H, s). 

10 

EXAMPLE 209 

2-[(3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2 1 3-h]isoquinolin-6-yl)oxy]etn 

15 [0927] 2-Bromoethanol(0.11 mL, 1. 57 mmol) and potassium carbonate (21 7 mg, 1 .57 mmol) were added to a solution 
of S^.S^-tetrahydro-S.S.S.B-tetramethyl-l-phenyl-e-furo^.S-hlisoquinolinol (459 mg, 1.43 mmol) in N,N-dimethylfor- 
mamide (4.5 mL), and the mixture was stirred at 60 °C for 36 hours. Water was poured into the reaction mixture, which 
was then extracted twice with ethyl acetate. The combined organic layer was washed with water and brine (twice), 
dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column 

20 chromatography on a basic silica gel (hexane/ethyl acetate 3:1 followed by 1:1), and crystallized from hexane-diethyl 
ether to obtain the title compound (366 mg, Yield: 70%). 
Melting point: 90-92 °C. 

1 H NMR (CDCI 3 )5 1.25 (6H, s), 1.30 (6H, s), 2.19 (2H, s), 2.67 (2H, s), 3.92-3.98 (2H, m), 4.21 (2H, d, J = 4.4 Hz), 
6.65 (1H, s), 7.39 (5H, s). 

25 

EXAMPLE 210 

6-(2-Fluoroethoxy)-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinoline 

30 [0928] The title compound was obtained using 1 -bromo-2-fluoroethane by the method similar to that in Example 209. 
Yield: 56%. 

Melting point: 77-79 °C (diethyl ether-hexane). 

1 H NMR (CDCI3) 5 1.25 (6H, s), 1.30 (6H, s), 2.18 (2H, s), 2.67 (2H, s), 4.29-4.47 (2H, m), 4.64-4.92 (2H, m), 6.65 
(1H, s), 7.39 (5H, s). 

35 

EXAMPLE 211 

Dimethylcarbamothioic acid 0-(3,4 f 8,9-tetrahydro-3,3,8,8-tetramethyl-1 -phenylfuro[2,3-h]isoquinolin-6-yl) ester 

40 [0929] The title compound was obtained using dimethylthiocarbamoyl chloride by the method similar to that in Ex- 
ample 209. Quantitative. 
Amorphous. 

1 H NMR (CDCI3) 5 1 .25 (6H, s), 1 .27 (6H, s), 2.1 9 (2H, s), 2.69 (2H, s), 3.34 (3H, s), 3.45 (3H, s), 6.76 (1 H, s), 7.35-7.47 
(5H, m). 

45 

EXAMPLE 212 

Dimethylcarbamothioic acid 0-(3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)ester 
hydrochloride 

50 

[0930] Dimethylcarbamothioic acid 0-(3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h)isoquinolin-6-yl) 
ester (902 mg, 2.21 mmol) was dissolved in ethyl acetate and combined with 4 M hydrogen chloride/ethyl acetate 
solution (0.55 mL). The resultant mixture was concentrated under reduced pressure to obtain crystals, which were 
washed with diethyl ether to obtain the title compound (946 mg, yield: 96%). 
55 Melting point: 1 70-1 80 °C. 

1 H NMR (DMSO-d 6 ) 5 1 .22 (6H, s), 1.46 (6H, s), 2.22 (2H, s), 3.18 (2H, s), 3.30 (3H, s), 3.36 (3H, s), 7.17 (1H, s), 
7.66-7.82 (5H, m). 
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EXAMPLE 213 

Dimethylcarbamothioic acid S-(3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1 -phenyl 
hydrochloride 

5 

[0931] Dimethylcarbamothioic acid O^S^.S.Q-tetrahydro-S.S.S.S-tetramethyl-l-phenylfurop.S-hlisoquinolin-e-yl) 
ester (4.92 g, 1 2.0 mmol) was stirred at 1 90 °C for 24 hours. The reaction mixture was subjected to a column chroma- 
tography on a silica gel (hexane/ethyl acetate 5:1 followed by 3:1) to obtain a free base of the title compound. 
1 H NMR (CDCI 3 ) 8 1 .25 (6H, s), 1 .29 (6H, s), 2.21 (2H, s), 2.68 (2H, s), 3.05 (3H, br s), 3.10 (3H, br s), 7.11 (1H, s) t 
10 7 AO (5H, s). 

[0932] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated 
under reduced pressure, crystallized from hexane-diethyl ether to obtain the title compound (404 mg, yield: 8.2%). 
Melting point: 146-148 °C. 

1 H NMR (DMSO-d 6 ) 5 1.23 (6H, s), 1.45 (6H, s), 2.25 (2H, s), 2.94 (3H, s), 3.06 (3H, s), 3.15 (2H, s), 7.40 (1H, s), 
15 7.66-7.77 (5H, s). 

EXAMPLE 214 

S^.e^-Tetrahydro-S.S.e.S-tetramethyl-e-JmethylthioJ-l-phenylfurop.S-hlisoquinoline hydrochloride 

20 

[0933] A solution of dimethylcarbamothioic acid S-(3,4,8 ) 9-tetrahydro-3,3,8 I 8-tetramethyl-1 -phenylfuro[2,3-h]isoqui- 
nolin-6-yl)ester (539 mg, 1 .32 mmol) in 10% aqueous solution of potassium hydroxide (5 mL) was heated under reflux 
for 1 hour. Water was poured into the reaction mixture, which was neutralized with 2 M hydrochloric acid and extracted 
twice with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and 
25 concentrated under reduced pressure to obtain 3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1 -phenyl-6-furo[2,3-h]isoquino- 
linethiol (434 mg). 

[0934] This was dissolved in N,N-dimethylformamide (5 mL), sodium hydride (66% dispersion in oil) (57 mg, 1.58 
mmol) was added thereto, and the mixture was stirred at room temperature for 20 minutes. While cooling in ice, io- 
domethane (0.098 mL, 1 .58 mmol) was added thereto, and the mixture was stirred at room temperature for 1 hour. 

30 Water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer 
was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1 followed by 5:1) to obtain a 
free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate 
solution, concentrated under reduced pressure to obtain the title compound (287 mg, yield: 56%). 

35 Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1 .24 (6H, s), 1 .45 (6H, s), 2.20 (2H, s), 2.57 (3H, s), 3.1 7 (2H, s), 7.20 (1 H, s), 7.64-7.80 (5H, m). 
EXAMPLE 215 

40 6-Chloro-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinoline hydrochloride 

[0935] Phosphorus oxychloride (0.44 mL, 4.67 mmol) was added to a solution of 3,4,8,9-tetrahydro-3,3,8,8-tetram- 
ethyl-1-phenyl-6-furo[2,3-h]isoquinolinol (1.00 g, 3.11 mmol) in N,N-dimethylformamide (1 mL) and the mixture was 
stirred at 90 °C for 1 5 hours and then at 1 30 °C for 3 hours. The reaction mixture was poured into 2 M aqueous solution 

45 of sodium hydroxide and extracted twice with ethyl acetate. The combined organic layer was washed with water and 
brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a basic silica gel (hexane/ethyl acetate 100:1 followed by 30:1) to obtain a free base of 
the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, 
concentrated under reduced pressure, crystallized from hexane-ethyl acetate to obtain the title compound (380 mg, 

so yield: 33%). 

Melting point: 165-1 67 °C. 

1 H NMR(CDCI 3 )51.36(6H,s), 1.71 (6H, s), 2.31 (2H, s), 3.01 (2H, s), 7.21 (1 H, s), 7.55-7.75 (5H, m). 
EXAMPLE 216 

55 

6-Chloro-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-[3-(4-pyridinyl)phenyl]furo[2,3-h]isoquinoline dihydrochloride 
[0936] The title compound was obtained from 3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1 -[3-(4-pyridinyl)phenyl]-6-furo 
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[2,3-h]isoquinolinol by the method similar to that in EXAMPLE 215. Yield: 30%. 
Melting point: 145-155 °C (ethanol-ethyl acetate). 

1H NMR (DMSO-d 6 ) 5 1.27 (6H, s), 1 .50 (6H, s), 2.40 (2H, s), 3.17 (2H, s), 7.51 (1H, s), 7.85-7.87 (2H, m), 8.37-8.39 
(2H, m), 8.47 (2H, d, J = 6.3 Hz), 9.13 (2H, d, J = 6.3 Hz). 

5 

EXAMPLE 21 7 

3,4 > 8,9-Tetrahydro-N,3,3 l 8 l 8-pentamethyl-1-phenyl-6-furo[2,3-h]isoquinolinamine hydrochloride 

10 [0937] 40% Methylamine/methanol solution (5 mL) was added to a mixture of 3,4,8,9-tetrahydro-6-methoxy- 
3,3,8,8-tetramethyl-l -phenylfuro[2,3-h]isoquinoline (51 8 mg, 1 .54 mmol) and ammonium chloride (1 65 mg, 3.09 mmol) 
and the mixture was stirred in a sealed tube at 1 50 °C for 1 5 hours. Methanol was distilled off under reduced pressure, 
and water was poured into the residue, and the mixture was extracted twice with ethyl acetate. The combined organic 
layer was washed with water and brine, dried over magnesium sulfate, filtered and concentrated under reduced pres- 

'5 sure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 3:1 followed by 
hexane/ethyl acetate/triethylamine 25:25:1) to obtain a free base of the title compound. 

1H NMR (CDCI 3 ) 5 1 .26 (6H, s), 1 .30 (6H, S), 2.16 (2H, s), 2.72 (2H, s), 2.93 (3H, s), 6.31 (1 H, s), 7.40 (5H, s). 
[0938] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and concen- 
trated under reduced pressure to obtain the title compound (376 mg, yield: 76%). 
20 Amorphous. 

1H NMR (CDCI3) 5 1 .28 (6H, s), 1 .67 (6H, s), 2.19 (2H, s), 2.96 (2H, s), 3.03 (3H, s), 6.35 (1 H, s), 7.50-7.70 (5H, m). 
EXAMPLE 218 

25 3,43 l 9-Tetrahydro-N,N,3 J 3 I 8,8-hexamethyl-1-phenyl-6-furo[2,3-h]isoquinolinamine dihydrochloride 

[0939] A mixture of S^.S.g-tetrahydro-N.S.S.S.B-pentamethyl-l-phenyl-e-furop.S-hlisoquinolinamine (321 mg, 
0.865 mmol), 37% aqueous solution of formaldehyde (0.14 mL, 1 .90 mmol) and formic acid (0.16 mL, 4.33 mmol) was 
stirred at 60 °C for 1 .5 hours and at 1 00 °C for 1 hour. The reaction mixture was neutralized with 2 M aqueous solution 

30 of sodium hydroxide and extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried 
over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chro- 
matography on a basic silica gel (hexane/ethyl acetate 100:1 followed by 10:1) to obtain a free base of the title com- 
pound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and crystallized 
from ethyl acetate to obtain the title compound (114 mg, yield: 31%). 

35 Melting point: 105-115°C. 

1 H NMR (DMSO-d 6 ) 5 1.22 (6H, s), 1 .41 (6H, s), 2.05 (2H, s), 3.05 (2H, s), 3.16 (6H, s), 6.64 (1H, s), 7.53-7.73 (5H, 
m), 11.69 (1H, brs). 

EXAMPLE 219 

40 

N-Ethyl-S^.S^-tetrahydro-S.S.S.S-tetramethyl-l-phenyl-e-furo^.S-hlisoquinolinamine hydrochloride 

[0940] The title compound was obtained from 70% aqueous solution of ethylamine by the method similar to that in 
EXAMPLE 217. Yield: 21%. 
^5 Amorphous. 

1H NMR (DMSO-d 6 ) 6 1 .24 (6H, s), 1 .40 (6H, s), 1 .70 (3H, t, J = 7.4 Hz), 2.09 (2H, s), 3.04 (2H, s), 3.26-3.50 (2H, m), 
6.59 (1 H, s), 7.08 (1 H, br s), 7.52-7.84 (5H, m), 11 .37 (1 H, br s). 

EXAMPLE 220 

50 

S^.B^-Tetrahydro-S.S.S.S-tetramethyl-l-phenyl-e-furop^-hlisoquinolinamine 

[0941] 5 M Ammonia/methanol solution (40 mL) was added to a mixture of 3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-te- 
tramethyl-1-phenylfuro[2,3-h]isoquinoline (3.77 g, 11.2 mmol) and ammonium chloride (1.20 g, 22.5 mmol) and the 
55 mixture was stirred in a sealed tube at 150 °C for 24 hours. Methanol was distilled off under reduced pressure, and 
water was poured into the residue, which was neutralized with sodium hydrogen carbonate, and extracted three times 
with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered, and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hex- 
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ane/ethyl acetate 50:1 followed by 5:1) and crystallized from diethyl ether to obtain the title compound (1 .58 g, yield: 
44%). 

Melting point: 158-162 °C. 

1H NMR (CDCI3) 5 1.26 (12H, s), 2.15 (2H, s), 2.63 (2H, s), 6.40 (1H, s), 7.36-7.44 (5H, m). 

5 

EXAMPLE 221 

N^S^.S.Q-Tetrahydro-S.S.S^-tetramethyl-l-phenylfurop.S-hlisoquinolin-e-ylJformamide 

10 [0942] A solution of formic acid (3 mL) and acetic anhydride (1 ml_) was stirred at room temperature for 1 .5 hours, 
and S^.S.Q-tetrahydro-S.S.S.S-tetramethyl-l-phenyl-e-furop.S-hlisoquinolinamine (500 mg, 1.56 mmol) was added 
thereto and the mixture was stirred at room temperature for 2 hours. The reaction mixture was poured into 3.5 M 
aqueous solution of sodium hydroxide and extracted twice with ethyl acetate. The combined organic layer was washed 
with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure to obtain the title compound 

15 (470 mg, yield: 87%). 
Amorphous. 

1 H NMR (CDCI3) 5 1.26 (6H, s), 1.29 (6H, s), 2.22 (2H, s), 2.69 (0.6H, s), 2.73 (1.4H, s), 7.40 (6H, s), 8.03 (1H, s), 
8.45 (1H,d, J = 1.4 Hz). 

20 EXAMPLE 222 

N^S^.S.g-Tetrahydro-S.S^^-tetramethyl-l-phenylfurop.S-hlisoquinolin-e-yOacetamide 

[0943] Acetic anhydride (2 mL) was added to a solution of 3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenyl-6-furo 
25 [2,3-h]isoquinolinamine (542 mg, 1.69 mmol) in pyridine (3 mL) and the mixture was stirred at room temperature for 
12 hours. Aqueous solution of sodium hydrogen carbonate was poured into the reaction mixture, and the mixture was 
extracted three times with ethyl acetate. The combined organic layer was washed with brine, dried over magnesium 
sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (hexane/ethyl acetate 5:1 ) and crystallized from hexane-diethyl ether to obtain the title compound 
30 (445 mg, yield: 74%). 

Melting point: 175-180 °C. 

1 H NMR (CDCI3) 5 1.24 (6H, s), 1.28 (6H, s), 2.20 (2H, s), 2.22 (3H, s), 2.71 (2H, s), 7.32 (1H, s), 7.83 (5H, s), 8.04 
(1H, br s). 

35 EXAMPLE 223 

N^S^.B.g-Tetrahydro-S.S.S.S-tetramethyl-l-phenylfurop.S-hlisoquinolin-e-yOmethanesulfonamide 

[0944] While cooling in ice, methanesulfonyl chloride (0.22 mL, 2.74 mmol) was added to a solution of 3,4,8, 9-tet- 
40 rahydro-3,3,8,8-tetramethyl-1 -phenyl-6-furo[2,3-h]isoquinolinamine (400 mg, 1 .25 mmol) and triethylamine (0.38 mL, 
2.74 mmol) in tetrahydrofuran (5 mL) and the mixture was stirred at room temperature for 2 hours. Water was poured 
into the reaction mixture, which was neutralized with 1 M aqueous solution of sodium hydroxide and extracted twice 
with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel 
45 (hexane/ethyl acetate 5:1 followed by 1 : 1 ) and crystallized from diethyl ether to obtain the title compound (27 mg, yield: 
5.4%). 

Melting point: 175-177 °C. 

1H NMR (CDCI3) 5 1.25 (6H, s), 1 .28 (6H, s), 2.21 (2H, s), 2.70 (2H, s), 3.06 (3H, s), 7.17 (1H, s), 7.39 (5H, s). 
50 EXAMPLE 224 

N-(3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-6-yl)propanamide 

[0945] The title compound was obtained from S^.B.g-tetrahydro-S.S.e.S-tetramethyl-l -phenyl-6-furo[2,3-h]isoquin- 
55 olinamine and propionyl chloride by the method similar to that in EXAMPLE 30. Yield: 57%. 
Melting point: 129-131 °C (diethyl ether-hexane). 

1 H NMR (CDCI3) 5 1 .24 (6H, s), 1 .26 (3H, t, J = 7.5 Hz), 1 .28 (6H, s), 2.20 (2H, s), 2.44 (2H, q, J = 7.5 Hz), 2.70 (2H, 
S), 7.31 (1 H, s), 7.38 (5H, s), 8.07 (1 H, br s). 
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EXAMPLE 225 

(3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-1 -phenylfuro[2,3-h]isoquinolin-6-yl)caibamic acid ethyl ester 

5 [0946] The title compound was obtained from SAS^-tetrahydro-S.S.e.S-tetramethyl-l -phenyl-6-furo[2,3-h]isoquin- 
olinamine and ethyl chloroformate by the method similar to that in EXAMPLE 30. Yield: 3.2%. 
Melting point: 92*94 °C (diethyl ether-hexane). 

1 H NMR (CDCI3) 5 1 .24 (6H, s), 1 .27 (6H, s), 1 .33 (3H, t, J = 7.1 Hz), 2.1 9 (2H, s), 2.70 (2H, s), 4.25 (2H, q, J = 7.1 
Hz), 6.81 (1 H, s), 7.38 (5H, s), 7.70 (1 H, br s). 

10 

EXAMPLE 226 

N-(3,4,8,9-Tetrahydro-3,3,8 J 8-tetramethyl-1-phenylfuro[2 t 3-h]isoquinolin-6-yl)glycine ethyl ester 

15 [0947] The title compound was obtained from 3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1 -phenyl-6-furo[2,3-h]isoquin- 
olinamine and ethyl bromoacetate by the method similar to that in EXAMPLE 209. Yield: 35%. 
Melting point: 79-81 °C (diethyl ether-hexane). 

1 H NMR (CDCI3) 6 1 .23 (6H, s), 1 .26 (6H, s), 1 .31 (3H, t, J = 7.1 Hz), 2.15 (2H, s), 2.64 (2H, s), 3.98 (2H, d, J = 5.8 
Hz), 4.27 (2H, q, J = 7.1 Hz), 4.52 (1 H, t, J = 5.8 Hz), 6.20 (1H, s), 7.37 (5H, s). 

20 

EXAMPLE 227 

N-fS^.S.g-Tetrahydro-S^.S.S-tetramethyl-l-phenylfurop.S-hlisoquinolin-e-yOurea 

25 [0948] While cooling with ice, trifluoroacetic acid (0.34 mL, 4.43 mmol) was added to a suspension of 3,4,8, 9-tet- 
rahydro-3,3,8,8-tetramethyl-1-phenyl-6-furo[2,3-h]isoquinolinamine (346 mg, 1.08 mmol) and sodium cyanate (140 
mg, 2.16 mmol) in toluene (5 mL) and the mixture was stirred at room temperature for 3 hours. 1 M aqueous solution 
of sodium hydroxide was poured into the mixture, and the mixture was extracted twice with ethyl acetate. The combined 
organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 

30 The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1 followed by 1 : 
2), and the resultant crystals were washed with diethyl ether to obtain the title compound (178 mg, yield: 45%). 
Melting point: 151-153 °C. 

1 H NMR (CDCI3) 5 1 .24 (6H, s), 1 .26 (6H, s), 2.19 (2H, s), 2.70 (2H, s), 4.85 (2H, br s), 6.72 (1H, s), 7.37 (5H, s), 7.72 
(1H,s). 

35 

EXAMPLE 228 

N-Methyl-N'^S^.S.g-tetrahydro-S.S.S.S-tetramethyl-l-phenylfuro^.S-hlisoquinolin-e-ylJurea 

40 [0949] While cooling with ice, phenyl chloroformate (0.22 mL, 1 .67 mmol) was added to a solution of 3,4,8,9-tetrahy- 
dro-3,3,8,8-tetramethyl-1-phenyl-6-furo[2,3-h]isoquinolinamine (485 mg, 1.51 mmol) and triethylamine (0.23 mL, 1.67 
mmol) in N.N-dimethylformamide (6 mL) and the mixture was stirred at room temperature for 4 hours. Triethylamine 
(0.12 mL, 0.84 mmol) and phenyl chloroformate (0.11 mL, 0.84 mmol) were further added, and the mixture was stirred 
at room temperature further for 4 hours. Methylamine hydrochloride (305 mg, 4.53 mmol) and triethylamine (0.63 mL, 

45 4.53 mmol) were added to the reaction mixture and the mixture was stirred at room temperature for 15 hours. Ice water 
was poured into the mixture and the mixture was extracted twice with ethyl acetate. The combined organic layer was 
washed with water (twice) and brine, dried over magnesium sulfate, filtered and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1 followed by 1 : 
1) and crystallized from diethyl ether to obtain the title compound (305 mg, yield: 54%). 

so Melting point: 209-21 1 °C. 

1 H NMR (CDCI3) 5 1 .24 (6H, s), 1 .25 (6H, s), 2.18 (2H, s), 2.69 (2H, s), 2.86 (3H, d, J = 5.0 Hz), 4.86 (1 H, br q, J = 
5.0 Hz), 6.47 (1H, s), 7.37 (5H, s), 7.75 (1H, s). 
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EXAMPLE 229 

2-[(3,4,8 t 9-Tetrahydro-6-methox 
(2H)-dione 

5 

[0950] 3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1 -phenylfuro[2,3-h]isoquinoline (796 mg, 2.37 mmo!) was 
dissolved in cone, sulfuric acid (3 mL), N-(hydroxymethyl)phthalimide (462 mg, 2.61 mmol) was added thereto and the 
mixture was stirred at room temperature for 2 hours. Water was poured into the reaction mixture, which was extracted 
twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, 
10 filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
silica gel (hexane/ethyl acetate 8:1 followed by 5:1 ) and the resultant crystals were washed with diethyl ether to obtain 
the title compound (506 mg, yield: 43%). 
Melting point: 193-195 °C. 

1 H NMR (CDCI 3 ) 5 1 .25 (6H, s), 1 .28 (6H, s), 2.12 (2H, s), 2.81 (2H, s), 3.96 (3H, s), 4.92 (2H, s), 7.37 (5H, s), 7.69-7.71 
15 (2H,m), 7.81-7.85 (2H,m). 

EXAMPLE 230 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenyl-5-furo[2,3-h]isoquinolinemethanamine 

20 

[0951] Hydrazine monohydrate (0.71 mL, 14.7 mmol) was added to a suspension of 2-[(3,4,8,9-tetrahydro-6-meth- 
oxy-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-5-yl)methyl]-1H-isoindol-1,3(2H)-dione (6.94 g, 14.0 mmol) in 
ethanol (40 mL) and the mixture was heated under reflux for 3 hours. Diisopropyl ether was poured into the reaction 
mixture and the precipitated crystals were removed off by filtration. The filtrate was combined with 1 M aqueous solution 
25 of sodium hydroxide and water, and the organic layer was separated and the aqueous layer was extracted with ethyl 
acetate. The organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a silica gel (ethyl acetate followed by ethyl 
acetateAriethylamine 50:1) and crystallized from hexane-diethyl ether to obtain the title compound (3.46 g, yield: 68%). 
Melting point: 140-142 °C. 

30 1H NMR (CDCI3) 8 1 .26 (6H, s), 1 .28 (6H, s), 2.13 (2H, s), 2.71 (2H, s), 3.86 (2H, s), 3.97 (3H, s), 7.38 (5H, s). 
EXAMPLE 231 

N-[(3 l 4,8,9-Tetrahydro-6-methoxy-3,3,8 l 8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-5-yl)methyl]formamide 

35 

[0952] The title compound was obtained from 3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenyl-5-furo 
[2,3-h]isoquinolinemethanamine by the method similar to that in EXAMPLE 221. Yield: 84%. 
Melting point: 205-208 °C (diethyl ether-hexane). 

1H NMR (CDCI3) 5 1.23 (6H, s), 1 .28 (6H, s), 2.14 (2H, s), 2.79 (2H, s), 4.00 (3H, s), 4.53 (2H, d, J = 5.4 Hz), 5.86 
40 (1 H, br s), 7.37 (5H, s), 8.1 7 (1 H, s). 

EXAMPLE 232 

N-[(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyi-1-phenylfuro[2,3-h]isoquinolin-5-yl)methyl]acetamide 

45 

[0953] The title compound was obtained from 3,4,8, 9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenyl-5-furo 
[2,3-h]isoquinolinemethanamine by the method similar to that in EXAMPLE 30. Yield: 90%. 
Melting point: 164-166 °C (diethyl ether-hexane). 

1 H NMR (CDCI3) 5 1 .23 (6H, s), 1 .28 (6H, s), 1 .97 (3H, s), 2.1 4 (2H, s), 2.78 (2H, s) t 3.99 (3H, s), 4,48 (2H, d, J = 5.6 
so Hz), 5.74 (1 H, br s), 7.38 (5H t s). 

EXAMPLE 233 

N-[(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinolin-5-yl)methyl]urea 

55 

[0954] The title compound was obtained from 3,4,8, 9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenyl-5-furo 
[2,3-h]isoquinolinemethanamine by the method similar to that in EXAMPLE 227. Yield: 59%. 
Melting point: 172-174 °C (diethyl ether-hexane). 
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1 H NMR (CDCI 3 ) 6 1 .24 (6H, s), 1 .27 (1 .8H. s), 1 .28 (4.2H, s), 1 .58 (2H, s), 2.13 (0.6H, s), 2.14 (1 .4H, s), 2.77 (2H, s), 
3.98 (2.1 H, s), 4.00 (0.9H, s), 4.38 (1 .4H, d, J = 5.8 Hz), 4.45-4.58 (1.4H, m), 4.46 (0.6H, d, J = 5.8 Hz), 4.80-4.95 
(0.6H, m), 7.33-7.38 (5H, m). 

5 EXAMPLE 234 

5-Bromomethyl-3,4,8,9-tetrahydro-6-m^ 

[0955] Cone, sulfuric acid (3.39 mL, 63.6 mmol) was added to a suspension of 3,4,8,9-tetrahydro-6-methoxy- 
10 3,3,8,8-tetramethyl-1 -phenylfuro[2,3-h]isoquinoline (7.1 2 g, 21 .2 mmol), paraformaldehyde (94%) (1 .02 g, 31 .8 mmol) 

and sodium bromide (2.51 g, 24.4 mmol) in acetic acid (6.07 mL, 106 mmol) and the mixture was stirred at 90 °C for 

15 hours. Ice water was poured into the reaction mixture, which was washed with diethyl ether, neutralized with con. 

aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed with water and 

brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
15 column chromatography on a silica gel (hexane/ethyl acetate 7:1 followed by 5:1) to obtain the title compound (4.57 

g, yield: 50%). 

Amorphous. 

1 H NMR (CDCI3) 8 1.28 (12H, s), 2.14 (2H, s), 2.71 (2H, s), 4.03 (3H, s), 4.65 (2H, s), 7.38 (5H, s). 
20 EXAMPLE 235 

3,4,8,9-Tetrahydro-6-methoxy-5-(methoxymethyl)-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinoline hydrochloride 

[0956] 28% sodium methoxide/methanol solution (0.91 mL, 4.73 mmol) was added to a solution of 5-bromomethyl- 
25 3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1 -phenylfuro[2,3-h]isoquinoline (1 .84 g, 4.30 mmol) in methanol (1 0 
mL) and the mixture was stirred at room temperature for 1 hour and then at 60 °C for 1 hour. Furthermore 28% sodium 
methoxide/methanol solution (1 .82 mL, 9.46 mmol) was added to the mixture and the mixture was stirred at 60 °C for 
1 hour. The reaction mixture was concentrated under reduced pressure, and the residue was combined with water and 
extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium 
30 sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (hexane/ethyl acetate 7:1) to obtain a free base of the title compound. This was dissolved in ethyl 
acetate, combined with 4 M hydrogen chloride/ethyl acetate solution (0.77 mL), and the resultant crystals were washed 
with ethyl acetate to obtain the title compound (1.16 g, yield: 65%). 
Melting point: 143-145 °C. 

35 1H NMR (DMSO-d 6 ) 5 1.26 (6H, s), 1.44 (6H, s), 2.16 (2H, s), 3.15 (2H, s), 3.29 (3H, s), 3.99 (3H, s), 4.50 (2H, s), 
7.63-7.66 (5H, m). 

EXAMPLE 236 

40 5-(Ethoxymethyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinoline hydrochloride 

[0957] Sodium acetate (143 mg, 1 .75 mmol) and 2 M aqueous solution of sodium hydroxide (2 mL) were added to 
a solution of S-bromomethyl-S^^.g-tetrahydro-e-methoxy-S.S.S.B-tetramethyl-l-phenylfuro^.S-hjisoquinoline (374 
mg, 0.873 mmol) in ethanol (3 mL) and the mixture was stirred at 60 °C for 2 hours and then at 80 °C for 2 hours. Ice 

<5 water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer 
was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5:1) to obtain a free base of the title 
compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concen- 
trated under reduced pressure and crystallized from diethyl ether to obtain the title compound (191 mg, yield: 51%). 

50 Melting point: 137-139 °C. 

1 H NMR (DMSO-d 6 ) 5 1.14 (3H, t, J = 7.2 Hz), 1.26 (6H, s), 1.44 (6H, s), 2.16 (2H, s), 3.16 (2H, s), 3.49 (2H, q, J = 
7.2 Hz), 3.99 (3H, s), 4.54 (2H, s), 7.63-7.78 (5H, m). 

EXAMPLE 237 

55 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenyl-5-furo[2,3-h]isoquinolinemethanol 

[0958] A suspension of 5-bromomethyl-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoqui- 
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noline (289 mg, 0.675 mmol) and calcium carbonate (506 mg, 5.06 mmol) in 1 ,4-dioxane (3 mL) and water (3 ml_) was 
stirred at 60 °C for 2 hours. Water was poured into the reaction mixture, which was extracted twice with ethyl acetate. 
The combined organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1) and 
5 crystallized from hexane-diethyl ether to obtain the title compound (1 59 mg, yield: 65%). 
Melting point: 160-163 °C. 

1 H NMR (CDCI 3 ) 5 1 .25 (6H, s), 1 .28 (6H, s), 1 .97 (1 H, t, J = 6.0 Hz), 2.14 (2H, s), 2.75 (2H. s), 4.00 (3H, s), 4.74 (2H, 
d, J = 6.0 Hz), 7.38 (5H, s). 

10 EXAMPLE 238 

S^FIuoromethylJ-S^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-phenylfurop.S-hJisoquinoline hydrochloride 

[0959] Potassium fluoride (spray dried material) (118 mg, 2.02 mmol) and 18-crown-6 (534 mg, 2.02 mmol) were 
15 added to a solution of S-bromomethyl-S^.B.g-tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-phenylfurop.S-hlisoquino- 
line (289 mg, 0.675 mmol) in acetonitrile (5 mL) and the mixture was stirred at 80 °C for 7 hours. Acetonitrile was 
distilled off under reduced pressure, and water was poured into the residue and the mixture was extracted twice with 
ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
20 acetate 1 0:1 followed by 5:1 ) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined 
with 4 M hydrogen chloride/ethyl acetate solution, crystallized from diethyl ether to obtain the title compound (230 mg, 
yield: 84%). 

Melting point: 146-158 °C. 

1H NMR (DMSO-d 6 ) 5 1.26 (6H, s), 1.45 (6H, s), 2.15-2.23 (2H, m), 3.22 (2H, s), 4.04 (3H, s), 5.57 (2H, d, J = 48.0 
25 Hz), 7.63-7.80 (5H, m). 

EXAMPLE 239 

S^^^-Tetrahydro-e-methoxy-S^.S.S.S-pentamethyl-l-phenylfurop.S-hjisoquinoline hydrochloride 

30 

[0960] Tributyltin hydride (0.91 mL, 4.73 mmol) and 2,2'-azobis(isobutyronitrile) (11 mg, 0.0677 mmol) were added 
to a solution of S-bromomethyl-S^.S^-tetrahydro-e-methoxy-S.S^^-tetramethyl-l -phenylfuro[2,3-h]isoquinoline (290 
mg, 0.677 mmol) in chlorobenzene (3 mL) and the mixture was stirred at 80 °C for 2 hours. Chlorobenzene was distilled 
off under reduced pressure and the residue was subjected to a column chromatography on a basic silica gel (hexane/ 
35 ethyl acetate 10:1) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 
M hydrogen chloride/ethyl acetate solution, and crystallized from ethyl acetate to obtain the title compound (63 mg, 
yield: 24%). 

Melting point: 138-140 °C. 

1 H NMR (DMSO-d 6 ) 6 1 .24 (6H, s), 1 .45 (6H, s), 2.12 (2H, s), 2.1 7 (3H, s), 3.08 (2H, s), 3.99 (3H, s), 7.58-7.76 (5H, m). 

40 

EXAMPLE 240 

S^.S.g-Tetrahydro-e-methoxy-S.S.e.S-tetramethyl-l-phenyl-S-furo^.S-hJisoquinolineacetonitrile 

^5 [0961] A solution of potassium cyanide (143 mg, 2.20 mmol) in water (2.25 mL) was added to a solution of 5-bro- 
momethyl-S^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-phenylfurop.S-hlisoquinoline (947 mg, 2.20 mmol) in 
N,N-dimethylformamide (9.5 mL) and the mixture was stirred at room temperature for 3 hours. Water was poured into 
the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was washed twice each 
with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was 

so subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5:1 followed by 3: 1 ) and crystallized from 
hexane-diethyl ether to obtain the title compound (465 mg, yield: 56%). 
Melting point: 95-96 °C. 

1H NMR (CDCI3) 5 1.28 (6H, s), 1.28 (6H, s), 2.15 (2H, s), 2.68 (2H, s), 3.74 (2H, s), 4.03 (3H, s), 7.38 (5H, s). 

55 
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EXAMPLE 241 

a^^.Q-Tetrahydro-e-methoxy-a.a.S^^etramethyl-l-phenyl-S-furo^.a-hlisoquinolineacetic acid ethyl ester 
hydrochloride 

5 

[0962] While cooling in ice, cone, sulfuric acid (2.34 mL, 43.8 mmol) was added to a solution of 3,4,8,9-tetrahydro- 
e-methoxy-S.a.B.S-tetramethyl-l-phenyl-S-furo^.S-hlisoquinolineacetonitrile (4.01 g, 10.7 mmol) in ethanol (36 mL) 
and the mixture was heated under reflux for 60 hours. Ice water was poured into the reaction mixture, which was 
neutralized with cone, aqueous ammonia, and then extracted twice with ethyl acetate. The combined organic layer 
10 was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 20:1 followed by 5:1) to obtain a 
free base of the title compound. 

1 H NMR (CDCI 3 ) 8 1 .23 (6H. s), 1 .28 (6H, s), 1 .28 (3H, t, J = 7.1 Hz), 2.14 (2H, s), 2.59 (2H, s), 3.73 (2H, s), 3.92 (3H, 
s), 4.18 (2H, q, J = 7.1 Hz), 7.38 (5H, s). 
15 [0963] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and concen- 
trated under reduced pressure to obtain the title compound (2.58 g, yield: 53%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .21 (3H, t, J = 7.0 Hz), 1 .26 (6H, s), 1 .42 (6H, s), 2.1 7 (2H, s), 3.08 (2H, s), 3.78 (2H, s), 3.96 
(3H, s), 4.91 (2H, q, J = 7.0 Hz), 7.63-7.80 (5H, m). 

20 

EXAMPLE 242 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-phenyl-5-furo[2,3-h]isoquinolineacetic acid 

25 [0964] 5 M aqueous solution of sodium hydroxide (2 mL) was added to a solution of 3,4,8,9-tetrahydro-6-methoxy- 
3,3,8,8-tetramethyl-1-phenyl-5-furo[2,3-h]isoquinolineacetic acid ethyl ester (750 mg, 1.78 mmol) in ethanol (5 mL) 
and the mixture was stirred at room temperature for 5 hours. Ethanol was distilled off under reduced pressure, and 
water was poured into the residue, and the mixture was washed with diisopropyl ether. The aqueous layer was adjusted 
at pH 3.5 with 2 M hydrochloric acid, combined with sodium chloride, and extracted three times with tetrahydrofuran. 

30 The combined organic layer was dried over sodium sulfate, filtered, concentrated under reduced pressure and crys- 
tallized from hexane-diethyl ether to obtain the title compound (176 mg, yield: 25%). 
Melting point: 225-245 °C. 

1H NMR (CDCI3) 5 1 .25 (6H, s), 1 .27 (6H, s), 2.13 (2H, s), 2.61 (2H, s), 3.74 (2H, s), 3.94 (3H, s), 7.38 (5H, s). 
35 EXAMPLE 243 

S^.S.g-Tetrahydro-e-methoxy-S^.S.S-tetramethyl-l-phenyl-S-furop.S-hjisoquinolineacetamide 

[0965] N,N'-Carbonyldiimidazoie (226 mg, 1 .40 mmol) was added to a solution of 3,4,8,9-tetrahydro-6-methoxy- 
40 3,3,8,8-tetramethyl-1-phenyl-5-furo[2,3-h]isoquinolineacetic acid (499 mg, 1.27 mmol) in N.N-dimethylformamide (5 
mL) and the mixture was stirred at room temperature for 10 minutes. Powdered ammonium chloride (75 mg, 1.40 
mmol) and triethylamine (0.20 mL, 1 .40 mmol) were added and stirred at room temperature for 1 hour and then at 60 
°C for 4 hours. Ice water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The 
combined organic layer was washed with water and brine (twice), dried over sodium sulfate, filtered and concentrated 
45 under reduced pressure. The resultant crystals were washed with diethyl ether to obtain the title compound (358 mg, 
yield: 72%). 

Melting point: 171-176°C. 

1 H NMR (CDCI3) 8 1 .27 (6H, s), 1 .29 (6H, s), 2.15 (2H, s), 2.74 (2H, s), 3.65 (2H, s), 4.00 (3H, s), 5.22 (1 H, br s), 5.80 
(1H,brs), 7.40 (5H, s). 

50 

EXAMPLE 244 

S^^.g-Tetrahydro-e-methoxy-N.S.S.S^-pentamethyl-l-phenyl-S-furop.S-hlisoquinolineacetamide 

55 [0966] The title compound was obtained from methylamine hydrochloride by the method similar to that in EXAMPLE 
243. Yield: 73%. 

Melting point: 187-190 °C (hexane). 

1 H NMR (CDCI3) 8 1 .23 (6H, s), 1 .30 (6H, s), 2.15 (2H, s), 2.69 (2H, s), 2.76 (3H, d, J = 5.2 Hz), 3.63 (2H, s), 3.96 
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(3H, s), 5.68 (1 H, br s), 7.38 (5H, s). 

EXAMPLE 245 

5 2-[(3,4,8,9-Tetrahydro-6-hydroxy-3,3,8,8-tetra^ 
dione 

[0967] The title compound was obtained from S^S^-tetrahydro-S.S^S-tetramethyl-l -phenyl-6-furo[2,3-h]isoquin- 
olinol by the method similar to that in EXAMPLE 229. Yield: 16%. 
10 Melting point: 239-242 °C (diethyl ether-hexane). 

1H NMR (CDCI 3 ) 5 1.28 (12H, s), 2.15 (2H, s), 2.98 (2H, s), 4.94 (2H, s), 7.35 (5H, s), 7.73-7.77 (2H, m), 7.86-7.91 
(2H,m), 8.0B(1H,brs). 

EXAMPLE 246 

15 

S^^.O-Tetrahydro-e-hydroxy-S.S.B.S-tetramethyl-l-phenyl-S-furop.S-hlisoquinolinemethanol 

[0968] While cooling in ice, S^.S^-tetrahydro-S.S.S.S-tetramethyl-l-phenyl-e-furop^-hlisoquinolinol (200 mg, 
0.622 mmol) was added to a solution of chloromethylmethyl ether (0.052 mL, 0.684 mmol) and aluminum chloride (91 

20 mg, 0.684 mmol) in 1 ,2-dichloroethane (2 mL) and the mixture was stirred at room temperature for 5 hours. The reaction 
mixture was poured into ice water, washed with diethyl ether, neutralized with 5 M aqueous solution of sodium hydroxide 
and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium 
sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a silica gel (hexane/ethyl acetate/triethylamine 25:25:1 followed by ethyl acetate/triethylamine 50:1 ) and crystallized 

25 from hexane-ethyl acetate to obtain the title compound (31 mg, yield: 14%). 
Melting point: 210-230 °C. 

1 H NMR (CDCI3) 5 1 .28 (6H, s), 1 .32 (6H, s), 2.13 (2H, s), 2.77 (2H, s), 4.84 (2H, s), 7.34-7.44 (5H, m). 
EXAMPLE 247 

30 

1-(2-Bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline hydrochloride 

[0969] While cooling in ice, cone, sulfuric acid (2.52 mL, 47.3 mmol) was added to a solution of 2-bromobenzonitrile 
(3.92 g, 21 .5 mmol) in toluene (1 2 mL) and acetic acid (1 2 mL). And then, a solution of 2,3-dihydro-7-methoxy-2,2-dime- 

35 thyl-5-(2-methyl-1-propenyl)benzofuran (5.00 g, 21 .5 mmol) in toluene (12 mL) was added thereto and the mixture was 
stirred at 80 °C for 1 hour. Ice water was poured into the reaction mixture, and the aqueous layer was separated and 
neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 20:1 followed by 1 0:1 ) to obtain 

40 a free base of the title compound. 

1 H NMR (CDCI3) 5 1 .23 (3H, s), 1 .29 (3H,s), 1 .33 (3H, s) p 1 .38 (3H, s), 2.00 (1 H, d, J = 1 6.1 Hz), 2.1 7 (1 H, d, J = 1 6.1 
Hz), 2.68 (1H, d, J = 15.7 Hz), 2.80 (1H, d, J = 15.7 Hz), 3.91 (3H, s), 6.60 (1 H, s), 7.17-7.42 (3H, m), 7.56 (1 H, d, J 
= 8.0 Hz). 

[0970] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and concen- 
ts trated under reduced pressure to obtain the title compound (3.27 g, yield: 34%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .21 (3H, s), 1 .24 (3H, s), 1 .47 (3H, s), 1 .50 (3H, s), 1 .99 (1 H, d, J = 1 6.4 Hz), 2.1 2 (1 H, d, J = 
16.4 Hz), 3.11 (1H, d, J = 17.2 Hz), 3.29 (1H, d, J = 17.2 Hz), 3.95 (3H, s), 7.14 (1H, s), 7.56-7.68 (3H, m), 7.89-7.93 
(1H, m). 

50 

EXAMPLE 248 

1-[3-(2-Furanyl)phenyl]-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 

55 [0971] Dichlorobis(triphenylphosphine)palladium(ll) (53 mg, 0.0750 mmol) and copper (I) iodide (14 mg, 0.0750 
mmol) were added to a suspension of 1-(3-bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h] 
isoquinoline (622 mg, 1.50 mmol) and tributyl-2-furanyltin (590 mg, 1.65 mmol) in tetrahydrofuran (6 mL) and the 
mixture was heated under reflux for 24 hours, and tributyl-2-furanyltin (590 mg, 1 .65 mmol) was added thereto and the 
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mixture was heated under reflux for 15 hours. The insolubles were filtered off and the filtrate was concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 
100:1 followed by 10:1) and crystallized from diethyl ether-hexane to obtain the title compound (114 mg, yield: 19%). 
Melting point: 126-128 °C. 

5 1H NMR (CDCIg) 6 1.27 (6H, s), 1.30 (6H, s), 2.27 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.46-6.49 (1H, m), 6.63 (1H, s), 
6.68 (1H, d, J = 3.4 Hz), 7.31-7.47 (3H, m), 7.69-7.74 (2H, m). 

EXAMPLE 249 

10 3,4,8,9-Tetrahydro-6-methoxy-3,3 l 8,8-tetramethyl-1-[4-(2-pyridinyl)phenyl]furo[2 l 3-h]isoquinoline 

[0972] The title compound was obtained from 1 -(4-bromophenyl)-3 I 4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl- 
furo[2,3-h]isoquinoline and tributyl-2-pyridinyltin by the method similar to that in EXAMPLE 248. Yield: 50%. 
Melting point: 127-129 °C (hexane). 
15 1H NMR (CDCIg) 5 1.26 (6H, s), 1.30 (6H, s), 2.32 (2H, s), 2.70 (2H, s), 3.93 (3H, s), 6.62 (1H, s), 7.22-7.30 (1H, m), 
7.52 (2H, d, J = 8.4 Hz), 7.76-7.79 (2H, m), 8.04 (2H, d, J = 8.4 Hz), 8.72 (1H, d, J = 4.8 Hz). 

EXAMPLE 250 

20 3,4 f 8,9-Tetrahydro-6-methoxy-3,3 l 8 l 8-tetramethyl-1-[2-(2-pyridinyl)phenyl]furo[2 l 3-h]isoquinoline 

[0973] The title compound was obtained from 1-(2-bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl- 
furo[2,3-h]isoquinoline and tributyl-2-pyridinyltin by the method similar to that in EXAMPLE 248. Yield: 9.5%. 
Melting point: 120-122 °C (hexane-diethyl ether). 
25 1H NMR (CDCI3) 6 1 .13 (3H, s), 1 .1 7 (3H, s), 1 .25 (3H, s), 1 .28 (3H, s), 1 .98 (1 H, d, J = 1 6.2 Hz), 2.42 (1 H, d, J = 16.2 
Hz), 2.64 (2H, s), 3.85 (3H, s), 6.45 (1 H, s), 6.99-7.06 (1 H, m), 7.35-7.50 (5H, m), 7.65-7.70 (1 H, m), 8.41 -8.44 {1 H, m). 

EXAMPLE 251 

30 3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-[3-(2-pyridinyl)phenyl]furo[2,3-h]isoquinoline 

[0974] The title compound was obtained from tributyl-2-pyridinyltin by the method similar to that in EXAMPLE 248. 
Yield: 60%. 

Melting point: 137-139 °C (diethyl ether-hexane). 
35 1H NMR (CDCI3) 5 1.28 (12H, s), 2.28 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.63 (1H, s), 7.20-7.25 (1H, m), 7.42-7.55 
(2H, m), 7.74-7.77 (2H, m), 8.03-8.07 (2H, m), 8.69 (1 H, d, J = 5.0 Hz). 

EXAMPLE 252 

40 3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-[3-(2-thienyl)phenyl]furo[2 p 3-h]isoquinoline 

[0975] The title compound was obtained from tributyl-2-thienyltin by the method similar to that in EXAMPLE 248. 
Yield: 37%. 

Melting point: 172-175 °C (diethyl ether-hexane). 
45 1H NMR (CDCI3) 8 1.28 (6H, s), 1.31 (6H, s), 2.28 (2H, s), 2.72 (2H, s), 3.94 (3H, s), 6.63 (1H, s), 7.06-7.10 (1 H, m), 
7.29-7.44 (4H, m), 7.62-7.69 (2H, m). 

EXAMPLE 253 

50 3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-[3-(5-pyrimidinyl)phenyl]furo[2,3-h]isoquinoline 

[0976] Sodium (431 mg, 18.8 mmol) was added to a solution of naphthalene (2.20 g, 17.1 mmol) in 1 ,2-dimethox- 
yethane (20 mL) and the mixture was stirred at room temperature for 1 .5 hours. While cooling in ice, chlorotrimethyltin 
(2.91 g, 14.6 mmol) was added to the mixture and after 10 minutes, 5-bromopyrimidine (2.0 g, 12.6 mmol) was added 
55 thereto and the mixture was stirred at room temperature for 2 hours. 1,2-Dimethoxyethane was distilled off under 
reduced pressure, and water was poured into the residue, and the mixture was extracted twice with diethyl ether. The 
combined organic layer was washed twice with water and then with brine, dried over sodium sulfate, filtered, concen- 
trated under reduced pressure to obtain a mixture of trimethyl-5-pyrimidinyltin, naphthalene and 5-bromopyrimidine. 
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[0977] This mixture was used to obtain the title compound by the method similar to that in EXAMPLE 248. Yield: 
32%. Melting point: 141-143 °C (diethyl ether-hexane). 
. 1H NMR (CDCI 3 ) 8 1 .28 (6H, s), 1 .31 (6H, s), 2.25 (2H, s), 2.73 (2H, s), 3.94 (3H, s), 6.64 (1 H, s), 7.46-7.67 (4H, m), 
8.99 (2H,s),9.22 (1H,S). 

5 

EXAMPLE 254 

3 p 4 J 8 I 9-Tetrahydro-6-methoxy-3 ) 3 ) 8,8-tetramethyl-1-[2-(4-pyridinyl)phenyl]furo[2 l 3-h]isoquinoline 

10 [0978] A solution of sodium carbonate (236 mg, 2.23 mmol) in water (2 mL) and tetrakis(triphenylphosphine)palla- 
dium(0) (66 mg } 0.0567 mmol) were added to a solution of 1 -(2-bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-te- 
tramethylfuro[2,3-h]isoquinoline (558 mg, 1 .35 mmol) and 4-pyridinylboronic acid (248 mg, 2.02 mmol) in 1 ,2-dimeth- 
oxyethane (6 mL) and ethanol (2 mL) and the mixture was stirred at 80 °C for 24 hours under nitrogen atmosphere. 
Water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer 

15 was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 20:1 followed by 3:1 ) and crystallized 
from diethyl ether-hexane to obtain the title compound (200 mg, yield: 36%). 
Melting point: 187-1 89 °C. 

1 H NMR (CDCI 3 )5 1.09 (3H, s), 1.25 (3H, s), 1.28 (6H, s), 1.94 (1H, d, J = 16.3 Hz), 2.13 (1H, d, J = 16.3 Hz), 2.60 
20 (2H, s), 3.84 (3H, s), 6.44 (1 H, s), 7.24 (2H, d, J = 6.2 Hz), 7.36-7.52 (4H, m), 8.44 (2H, d, J = 6.2 Hz). 

EXAMPLE 255 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-[4-(4-pyridinyl)phenyl]furo[2,3-h]isoquinoline dihydrochloride 

25 

[0979] By the method similar to that in EXAMPLE 254 and starting from 1-(4-bromophenyl)-3,4,8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline, a free base of the title compound was obtained. This was dis- 
solved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pres- 
sure and crystallized from ethanol-ethyl acetate to obtain the title compound. Yield: 51%. 
30 Melting point: 115-117 °C. 

1 H NMR (DMSO-d 6 ) 5 1 .23 (6H, s), 1 .48 (6H, s), 2.70 (2H, s), 3.1 9 (2H, s), 3.96 (3H, s), 7.13 (1 H, s), 7.86 (2H, d, J = 
8.4 Hz), 8.27 (2H, d, J = 8.4 Hz), 8.35 (2H, d, J = 6.6 Hz), 8.96 (2H, d, J = 6.6 Hz). 

EXAMPLE 256 

35 

3,4,8 ) 9-Tetrahydro-6-methoxy-3 J 3,8,8-tetramethyl-1-[3-(3-pyridinyl)phenyl]furo[2,3-h]isoquinoline 

[0980] The title compound was obtained from 1 -(3-bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl- 
furo[2,3-h]isoquinoline and 3-(diethylboryl)pyridine by the method similar to that in EXAMPLE 254. Yield: 70%. 
40 Melting point: 1 1 6-1 1 7 °C (hexane-diethyl ether). 

1 H NMR (CDCI3) 5 1 .27 (6H, s), 1 .30 (6H, s), 2.25 (2H, s), 2.72 (2H, S), 3.93 (3H, s), 6.63 (1 H, s), 7.33-7.63 (5H, m), 
7.85-7.93 (1 H, m), 8.58-8.61 (1 H, m), 8.87 (1 H, d, J = 2.6 Hz). 

EXAMPLE 257 

45 

3 I 4,8,9-Tetrahydro-6-methoxy-3 ) 3,8 J 8-tetramethyl-1-[4-(3-pyridinyl)phenyl]furo[2,3-h]isoquinoline dihydrochloride 

[0981] By the method similar to that in EXAMPLE 254 and starting from 1-(4-bromophenyl)-3,4,8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline and 3-(diethylboryl)pyridine, a free base of the title compound 
so was obtained. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, con- 
centrated under reduced pressure to obtain the title compound. Yield: 84%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .22 (6H, s), 1 .48 (6H, s), 2.29 (2H, s), 3.1 9 (2H, s), 3.95 (3H, s), 7.13 (1 H, s), 7.82 (2H, d, J = 
8.4 Hz), 7.92-7.99 (1H, in), 8.16 (2H, d, J = 8.4 Hz), 8.74 (1H, d, J = 7.8 Hz), 8.87 (1H, d, J = 5.0 Hz), 9.31 (1H, s). 

55 
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EXAMPLE 258 

1-[3-(Benzofuran-2-yl)phenyl]-3,4,8,9-tetrahydro-6-methoxy^ 

[0982] The title compound was obtained from 1 -(a-bromophenyO-S^.S.Q-tetrahydro-e-methoxy-S.S.S^-tetramethyl- 
furo[2,3-h]isoquinoline and 2-benzofuranylboronic acid by the method similar to that in EXAMPLE 254. Yield: 74%. 
Melting point: 160-161 °C (hexane-diethyl ether). 

1 H NMR (CDCI 3 ) 8 1 .29 (12H, s), 2.29 (2H, s), 2.32 (2H. s), 3.94 (3H, s), 6.65 (1 H, s), 7.07 (1 H, s), 7.23-7.33 (2H, m), 
7.37-7.61 (4H, m), 7.88-7.93 (2H, m). 

EXAMPLE 259 

S'-fS^^^-Tetrahydro-e-methoxy-S.S.S^-tetramethylfurop.S-hlisoquinolin-l-yOtl ,1'-biphenyl]-4-amine 

[0983] The title compound was obtained from 1 -(S-bromophenylJ-S^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethyl- 
furo[2,3-h]isoquinoline and 4-(1,3,2-dioxaborynan-2-yl)aniline by the method similar to that in EXAMPLE 254. Yield: 
49%. 

Melting point: 224-225 °C (ethyl acetate). 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .29 (6H, s), 2.26 (2H, s), 2.70 (2H, s), 3.72 (2H, br s), 3.93 (3H, s), 6.62 (1 H, s), 6.74 
(2H, d, J = 8.8 Hz), 7.30-7.57 (4H, m), 7.43 (2H, d, J = 8.8 Hz). 

EXAMPLE 260 

N-P'-fS^.S^-Tetrahydro-e-methoxy-S.S.e.S-tetramethylfurop.S-hlisoquinolin-l-ylJflJ'-biphenyll^-yllacetamide 

[0984] The title compound was obtained from S'-tS^.S.g-tetrahydro-e-methoxy-S.S.S.B-tetramethylfuro^.S-hJisoqui- 
nolin-1-yl)[1,1'-biphenyl]-4-amine by the method similar to that in EXAMPLE 30. Yield: 82%. 
Melting point: 224-225 °C (diethyl ether-hexane). 

1 H NMR (CDCI3) 5 1 .27 (6H, s), 1 .29 (6H, s), 2.18 (3H, s), 2.25 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.62 (1 H, s), 7.32-7.60 
(9H, m). 

EXAMPLE 261 

N-[3'-(3,4,8,9-tetrahydro-6-methoxy^ 
methanesulfonamide 

[0985] The title compound was obtained from S'-JS^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoqui- 
nolin-1 -yl)[1 ,1 *-biphenyl]-4-amine and methanesulfonyl chloride by the method similar to that in EXAMPLE 222. Yield; 
81%. 

Melting point: 228-230 °C (diethyl ether-hexane). 

1 H NMR (CDCI3) 5 1 .30 (12H, s), 2.25 (2H, s), 2.73 (2H, s), 2.89 (3H, s), 3.93 (3H, S), 6.63 (1 H, s), 7.22-7.57 (8H, m). 
EXAMPLE 262 

^-(S^^^etrahydro-e-methoxy-SA^ 
dihydrochloride 

[0986] By the method similar to that in EXAMPLE 254 and starting from l-^-bromophenyO-SAS.g-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline and 3-aminophenylboronic acid hydrate, a free base of the title 
compound was obtained. 

1 H NMR (CDCI3) 5 1.26 (6H, s), 1.30 (6H, s), 2.25 (2H, s), 2.71 (2H, s), 3.72 (2H, br s), 3.93 (3H, s), 6.62 (1H, s), 
6.62-6.70 (1H, m), 6.92 (1H, t, J = 1.8 Hz), 6.96-7.03 (1H, m), 7.20 (1H, t, J = 7.8 Hz), 7.32-7.48 (2H, m), 7.54-7.62 
(2H, m). 

[0987] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and concen- 
trated under reduced pressure to obtain the title compound. Yield: 86%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.21 (3H, s), 1.25 (3H, s), 1.45 (3H, s), 1.50 (3H, s), 2.17-2.35 (2H, m), 3.08-3.30 (2H, m), 3.95 
(3H, s), 7.12 (1H, s), 7.25-7.80 (8H, m). 
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EXAMPLE 263 

N-p'^S^^.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.a-hlisoquinolin-l -yl)[1 ,1 '-biphenyl]-3-yl]acetamide 

5 [0988] The title compound was obtained from S'-ta^.S.Q-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoqui- 
nolin-1-yl)[1 .r-biphenyll-3-amine by the method similar to that in EXAMPLE 30. Yield: 64%. 
Melting point: 217-218 °C (ethanol). 

1 H NMR (CDCI 3 ) 8 1 .26 (6H, s), 1 .30 (6H, a), 2.1 7 (3H, s), 2.25 (2H, s), 2.70 (2H, s), 3.93 (3H, s), 6.62 (1 H, s), 7.32-7.66 
(9H. m). 

10 

(Alternative synthetic method) 

[0989] The title compound was obtained from 1 -(S-bromophenyO-S^.S.Q-tetrahydro-e-methoxy-S.S.B.S-tetramethyl- 
f uro[2,3-h]isoquinoline and 3-acetamidobenzenboronic acid by the method similar to that in EXAM PLE 254. Yield: 87%. 

15 

EXAMPLE 264 

2-Methyl-N-[3 , -(3,4,8,9-tetrahydro-6-^^^ 
alanine ethyl ester hydrochloride 

20 

[0990] By the method similar to that in EXAMPLE 209 and starting from ^-(SAS^-tetrahydro-e-methoxy-S.SAS-te- 
tramethylfuro[2,3-h]isoquinolin-1 -yl)[1 , 1 '-biphenyl]-3-amine and ethyl 2-bromoisobutyrate, a free base of the title com- 
pound was obtained. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, 
concentrated under reduced pressure to obtain the title compound. Yield: 62%. 
25 Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1.07 (3H,t, J = 7.0 Hz), 1.21 (6H, s), 1.48 (12H, s), 2.15-2.32 (2H, m), 3.19 (2H,s), 3.96 (3H, 
s), 4.07 (2H, q, J = 7.2 Hz), 6.50-7.92 (9H, m), 12.68 (1 H, br s). 

EXAMPLE 265 

30 

N-[3'-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1 ,V-biphenyl]-3-yl]urea 
hydrochloride 

[0991] By the method similar to that in EXAMPLE 227 and starting from 3^3,4, 8,9-tetrahydro-6-methoxy-3,3,8,8-te- 
35 tramethylfurop^-hlisoquinolin-l-yOtl.V-biphenylJ-S-amine, a free base of the title compound was obtained. This was 
dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced 
pressure to obtain the title compound. Yield: 76%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1.21 (6H, s), 1.47 (6H, s), 2.27 (2H, s), 3.19 (2H, s), 3.95 (3H, s), 6.00 (2H, brs), 7.12 (1H, s), 
40 7.31-7.98 (8H, m), 8.92 (1H, s), 12.63 (1H, brs). 

EXAMPLE 266 

2,2 l 2-Trifluoro-N-[3 , -(3,4,8,9-tetrahydro^ 
45 acetamide 

[0992] The title compound was obtained from 3 , -(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)[1 ,1 '-biphenyl]-3-amine and trifluoroacetic anhydride by the method similar to that in EXAMPLE 222. Yield: 
58%. 

so Melting point: 222-224 °C (diethyl ether). 

1 H NMR (CDCI3) 8 1 .26 (6H, s), 1 .29 (6H, s), 2.23 (2H, s), 2.68 (2H, s), 3.93 (3H, s), 6.62 (1 H, s), 7.34-7.69 (8H, m), 
8.67 (1H, brs). 
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EXAMPLE 267 

N-tS'-^AS.gTetrahydro-e-m^ 
methanesulfonamide 

[0993] The title compound was obtained from S'-ja^.S^-tetrahydro-e-methoxy-a.a.S.S-tetramethylfuro^.a-hJisoqui- 
nolin-1-yl)[1 ,1 '-biphenyl]-3-amine and methanesulfonyl chloride by the method similar to that In EXAMPLE 222. Yield: 
54%. 

Melting point: 141-143 °C (diethyl ether-ethyl acetate). 

1 H NMR (CDCI 3 ) 5 1 .30 (12H, s), 2.24 (2H, s), 2.73 (2H, s), 2.98 (3H, s), 3.94 (3H, s), 6.64 (1H, s), 7.36-7.66 (8H, m). 
EXAMPLE 268 

N-Methyl-N-[3'-(3,4,8,9-tetrahydro-6-me^ 
15 methanesulfonamide hydrochloride 

[0994] By the method similar to that in EXAMPLE 190 and starting from N-[3 , -(3,4 l 8,9-tetrahydro-6-methoxy- 
S.S^.S-tetramethylfuro^.S-hlisoquinolln-l-y^l.l'-biphenyn-S-yllmethanesulfonamide and iodomethane, a free base 
of the title compound was obtained. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl 
acetate solution, concentrated under reduced pressure to obtain the title compound. Yield: 85%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.21 (3H, s), 1.25 (3H, s), 1.45 (3H, s), 1.51 (3H, s), 2.18-2.37 (2H, m), 2.89 (3H, s), 3.07-3,29 
(2H, m), 3.32 (3H, s), 3.95 (3H, s), 7.12 (1H, s), 7.48-7.62 (3H, m), 7.74-7.83 (3H, m), 8.00 (1H, s), 8.08 (1H, d, J = 
7.8 Hz). 

EXAMPLE 269 

a^-Dimethyl^-tS^^.g-tetrahydro-e-methoxy-S.S^^-tetramethylfurop.S-hlisoquinolin-l-yObenzeneacetonitrile 

[0995] While cooling in ice, sodium hydride (66% dispersion in oil) (4.33 g, 119 mmol) was added to a solution of 
4-cyanobenzeneacetonitrlle (7.70 g, 54.2 mmol) in N.N-dimethylformamide (68 mL) and the mixture was stirred at 
room temperature for 15 minutes. While cooling in ice, iodomethane (7.43 mL, 119 mmol) was added to the mixture 
and the mixture was stirred at room temperature for 2 hours. The reaction mixture was poured into ice water, and 
extracted twice with ethyl acetate. The combined organic layer was washed with water (twice) and brine, dried over 
magnesium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chro- 
matography on a silica gel (hexane/ethyl acetate 5:1) and the resultant crystals were washed with hexane to obtain 
4-cyano-a.a-dimethylbenzeneacetonitrile (4.76 g, yield: 52%). 
1 H NMR (CDCI3) 5 1 .75 (6H, s), 7.61 (2H, d, J = 8.6 Hz), 7.71 (2H, d, J = 8.6 Hz). 

[0996] Using this and by the method similar to that in EXAMPLE 1 7, the title compound was obtained. Yield: 7.8%. 
Melting point: 122-123 °C (diisopropyl ether-hexane). 

1 H NMR (CDCI3) 5 1.25 (6H, s), 1.33 (6H, s), 1.74 (6H, s), 2.22 (2H, s), 2.69 (2H, s), 3.93 (3H, s), 6.62 (1H, s), 7.43 
(2H, d, J = 8.8 Hz), 7.50 (2H, d, J = 8.8 Hz). 

EXAMPLE 270 
45 

a.a-Dimethyl^-JS^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoquinolin-l-yObenzeneacetamide 

[0997] After separating a nitrile form by a column chromatography in EXAMPLE 269 followed by elution with ethyl 
acetate, the resultant crystals were washed with diisopropyl ether to obtain the title compound. Yield: 9.6%. 
50 Melting point: 180-1 82 °C. 

1H NMR (CDCI3) 8 1 .25 (6H, s), 1 .31 (6H, s), 1 .62 (6H, s), 2.21 (2H, s), 2.69 (2H, s), 3.93 (3H, s), 5.17 (2H, br s), 6.62 
(1H,s), 7.42 (4H,s). 
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EXAMPLE 271 

a,a-Dimethyl-4-(3,4,8,9-tetrahydro-6-methoxy-3,^^ 
ester 

5 

[0998] The title compound was obtained from a.a-Dimethyl-A^a^.S.Q-tetrahydro-e-methoxy-S.a.S.S-tetramethylfuro 
[2,3-h]isoquinolin-1-yl)benzeneacetonitrile by the method similar to that in EXAMPLE 241 . Yield: 43%. 
Melting point: 150-151 °C (hexane). 

1 H NMR (CDCI 3 ) 6 1 .16 (3H, t, J = 7.0 Hz), 1 .24 (6H, s), 1 .30 (6H, s), 1 .57 (6H, s), 2.19 (2H, s), 2.68 (2H, s), 3.92 (3H, 
10 S ), 4.10 (2H, q, J = 7.0 Hz), 6.60 (1H, s), 7.34 (4H, s). 

EXAMPLE 272 

N,a,a-Trimethyl-4-(3,4,8,9-tetrahydro-6-m^ 

15 

[0999] The title compound was obtained from a.a-Dimethyl^-tS^.S^-tetrahydro-e-methoxy-S.S.S.B-tetramethylfuro 
[2,3-h]isoquinolin-1 -yl)benzeneacetamide and iodomethane by the method similar to that in EXAM PLE 1 90. Yield : 31 %. 
Melting point: 160-162 °C (hexane-diethyl ether). 

1 H NMR (CDCI3) 5 1.25 (6H, s), 1.31 (6H, s), 1.60 (6H, s), 2.20 (2H, s), 2.69 (3H, d, J = 4.6 Hz), 2.69 (2H, s), 3.93 
20 (3H, s), 5.1 0 (1 H, br s), 6.62 (1 H, s), 7.39 (4H, S). 

EXAMPLE 273 

N-[2-Methyl-2-[4-(3,4,8 l 9-tetrahydro-6-methoxy-3 l 3 l 8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]propanoyl] 
25 glycine ethyl ester 

[1000] Ethyl bromoacetate (0.23 mL, 2.04 mmol) and potassium tert-butoxide (230 mg, 2.04 mmol) were added to 
a solution of a ) a-dimethyl-4-(3,4 J 8 ) 9-tetrahydro-6-methoxy-3,3 l 8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzenea- 
cetamide (782 mg, 1 .85 mmol) in N,N-dimethylformamide (7 mL) and the mixture was stirred at room temperature for 

30 2 hours. Water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined 
organic layer was washed twice with water and with brine, dried over sodium sulfate, filtered and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 
3:1 followed by ethyl acetate) and the resultant crystals were washed with diethyl ether-hexane to obtain the title 
compound (63 mg, yield: 6.7%). 

35 Melting point: 133-138 °C. 

1 H NMR (CDCI3) 5 1 .24 (6H, s), 1 .26 (3H, t, J = 7.1 Hz), 1 .32 (6H, s), 1 .61 (6H, s), 2.25 (2H, s), 2.68 (2H, s), 3.92 (3H, 
s), 3.93 (2H, d, J = 5.2 Hz), 4.15 (2H, q, J = 7.1 Hz), 5.67 (1 H, br s), 6.61 (1 H, s), 7.42 (4H, s). 

EXAMPLE 274 

40 

a.a-Dimethyl-S-tS^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoquinolin-l-yObenzeneacetic acid ethyl 
ester hydrochloride 

[1001] By the method similar to that in EXAMPLE 17 and starting from 3-cyano-a,cc-dimethyibenzeneacetic acid 
45 ethyl ester, a free base of the title compound was obtained 

1 H NMR (CDCI3) 5 1.16 (3H, t, J = 7.0 Hz), 1 .25 (6H, br s), 1 .30 (6H, s), 1 .55 (6H, s), 2.15 (2H, s), 2.70 (2H, s), 3.92 
(3H, s), 4.10 (2H, q, J = 7.0 Hz), 6.61 (1 H, s), 7.22-7.38 (4H, m). 

[1002] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated 
under reduced pressure, and crystallized from ethyl acetate to obtain the title compound. Yield: 12%. 
50 Melting point: 143-145 °C. 

1 H NMR (DMSO-d 6 ) 51.10 (3H, t, J = 7.0 Hz), 1 .21 (6H, s), 1 .41 (3H, s), 1 .45 (3H, s), 1 .53 (6H, s), 2.1 0 (2H, s), 3.14 
(2H, s), 3.94 (3H, s), 4.08 (2H, q, J = 7.0 Hz), 7.09 (1H, s), 7.48-7.65 (4H, m). 
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EXAMPLE 275 

a.a-Dimethyl-S-^AS.Q-tetrahy^ acid 
sodium salt 

5 

[1003] 5 M aqueous solution of sodium hydroxide (4 mL) was added to a solution of a.a-dimethyl-a^S.A.S^-tetrahy- 
dro-e-methoxy-a^.S.S-tetramethylfurop.S-hlisoquinolin-l -yl)benzeneacetic acid ethyl ester (370 mg, 0.823 mmol) and 
a^-Dimethyl-S-JS^.S.Q-tetrahydro-e-methoxy-S.S.S.B-tetramethylfuroP.S-hlisoquinolin-l-yObenzeneacetic acid ethyl 
ester hydrochloride (1.54g, 3.1 7 mmol) in ethanol (8mL) and the mixture was stirred at 70 °Cfor7 hours. After distilling 
10 ethanol off under reduced pressure, the residue was combined with water-diethyl ether and the precipitated crystals 
were recovered by filtration to obtain the title compound (423 mg, yield: 24%). 
Melting point: 153-155 °C. 

1H NMR (DMSO-d 6 ) 8 1.13 (6H, s), 1.20 (6H, s), 1.34 (6H, s), 2.22 (2H, s), 2.62 (2H, s), 3.80 (3H, s), 6.78 (1H, s), 
7.12-7.41 (4H, m). 

15 

EXAMPLE 276 

a > a-Dimethyl-3-(3 ) 4,8 l 9-tetrahydro-6-methoxy-3,3,8 I 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzeneacetic acid 

20 [1 004] A mother liquor after filtration of the sodium salt in EXAMPLE 275 was concentrated under reduced pressure. 
The residue was combined with water, adjusted at pH 5.5 with 2 M hydrochloric acid, and extracted twice with tetrahy- 
drofuran. The combined organic layer was dried over sodium sulfate, filtered and concentrated under reduced pressure 
to obtain the title compound. Yield: 49%. 
Amorphous. 

25 1H NMR (CDCI 3 ) 5 1 .27 (6H, s), 1 .32 (6H, br s), 1 .47 (6H, s), 2.08 (2H, s), 2.74 (2H, br s), 3.92 (3H, s), 6.60 (1 H, s), 
7.12-7.37 (4H,m). 

EXAMPLE 277 

30 N.a.a-Trimethyl-S-fS^^.g-tetrahydro-e-methoxy-S.S^.B-tetramethylfuro^^-hlisoquinolin-l-yObenzeneacetamide 
hydrochloride 

[1 005] The title compound was obtained from a.a-dimethyl-a-tS^.S.g-tetrahydro-e-methoxy-S.S.B.B-tetramethylf uro 
[2,3-h]isoquinolin-1-yl)benzeneacetic acid by the method similar to that in EXAMPLE 206. Yield: 55%. 
35 Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.22-1.50 (18H, m), 2.02-2.24 (2H, m), 2.55 (3H, d, J = 4.4 Hz), 2.97-3.40 (2H, m), 3.94 (3H } 
s), 7.09 (1 H, s), 7.45-7.69 (4H, m), 8.06 (1 H, br s). 

EXAMPLE 278 

40 

a,a-Dimethyl-N-(4-pyridinylmethyl)-3-(3,4 f 8 l 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 l 3-h]isoquinolin-1-yl) 
benzeneacetamide dihydrochloride 

[1 006] The title compound was obtained from a,a-dimethyl-3-(3 I 4 r 8 > 9-tetrahydro-6-methoxy-3 f 3 J 8,8-tetramethylfuro 
45 [2,3-h]isoquinolin-1 -yl)benzeneacetic acid and 4-(aminomethyl)pyridine by the method similarto that in EXAM PLE 206. 
Yield: 49%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1.17 (6H, S), 1.45 (6H, s), 1.60 (6H, s), 2.05-2.25 (2H, m), 3.05-3.30 (2H, m), 3.95 (3H, s), 
4.33-4.50 (2H, m), 7.10 (1H, s), 7.49-7.69 (7H, m), 8.48-8.58 (1H, m), 8.68-8.71 (2H, m), 9.05 (1H, br s). 

50 

EXAMPLE 279 

1-[4-(Bromomethyl)phenyl]-3,4,8,9-tetrahydro-6-methoxy-3 l 3,8,8-tetramethylfurot2,3-h]isoquinoline 

55 [1007] The title compound was obtained from 4-cyanobenzyl bromide by the method similar to that in EXAMPLE 17. 
Yield: 27%. 
Amorphous. 

1 H NMR (CDCI3) 8 1 .24 (6H, s), 1 ,32 (6H, s), 2.21 (2H, S), 2.68 (2H, s), 3.92 (3H, S), 4.53 (2H, s), 6.60 (1 H, s), 7.34-7.42 
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(4H. m). 
EXAMPLE 280 

5 4-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro^^^ 

[1008] The title compound was obtained from l-^-JbromomethyOphenyll-S^.S.g-tetrahydro-e-methoxy-S.S.B.S-te- 
tramethylfuro[2,3-hlisoquinoline by the method similar to that in EXAMPLE 240. Yield: 13%. 
Melting point: 182-184 °C (hexane-diethyl ether). 
10 m NMR (CDCI 3 ) 8 1.24 (6H, s), 1.33 (6H, s), 2.21 (2H, s), 2.69 (2H. s), 3.80 (2H, s), 3.93 (3H, s), 6.62 (1H, s), 7.36 
(2H, d, J = 8.3 Hz), 8.44 (2H, d, J = 8.3 Hz). 

EXAMPLE 281 

15 4-(3,4 I 8,9-Tetrahydro-6-methoxy-3,3,8 > 8-tetramethylfuro[2 l 3-h]isoquinolin-1-yl)benzeneacetic acid ethyl ester 
hydrochloride 

[1009] While cooling in ice, cone, sulfuric acid (0.18 mL, 3.58 mmol) was added to a solution of 4-(3,4,8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzeneacetonitrile (671 mg, 1.79 mmol) in ethanol (7 mL) 

20 and the mixture was heated under reflux for 24 hours. Ice water was poured into the reaction mixture, which was 
washed with diisopropyl ether and the aqueous layer was neutralized with cone, aqueous ammonia, and extracted 
twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, 
filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
silica gel (hexane/ethyl acetate 10:1 followed by 5:1) followed by a column chromatography on a silica gel (hexane/ 

25 ethyl acetate 3:1) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M 
hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure and crystallized from ethyl acetate- 
ethanol to obtain the title compound (406 mg, yield: 50%). 
Melting point: 104-1 06 °C. 

1 H NMR (DMSO-d 6 ) 81.19 (3H, t, J = 7.2 Hz), 1 .22 (6H, s), 1 .44 (6H, s), 2.20 (2H, s), 3.1 6 (2H, s), 3.86 (2H, s), 3.94 
30 (3H, s), 4.10 (2H, q, J = 7.2 Hz), 7.10 (1H, s), 7.52-7.62 (4H, m), 12.60 (1H, brs). 

EXAMPLE 282 

2-[[[3-(3,4,8 > 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]amino]methylene]- 
35 1 ,3-propanedioic acid diethyl ester 

[1010] 2-(Chloromethylene)malonic acid diethyl ester (1.0 g, 4.84 mmol) and triethylamine (0.72 mL, 5.18 mmol) 
were added to a solution of S-tS^.S^-tetrahydro-e-methoxy-S^.S.S-tetramethylfuro^.S-hlisoquinolin-l-yOben- 
zenamine (1 .76 g, 5.03 mmol) in toluene (3.5 mL) and stirred at 85 °C for 3 hours. Water was poured into the reaction 
40 mixture, which was extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over 
sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a basic silica gel (hexane/ethyl acetate 10:1 followed by 5:1) and crystallized from diethyl ether-hexane 
to obtain the title compound (905 mg, yield: 36%). 
Melting point: 115-117 °C. 

45 1H NMR (CDCI3) 5 1 .33 (12H, s), 1 .33 (3H, t, J = 7.2 Hz), 1 .38 (3H, t, J = 7.2 Hz), 2,24 (2H, s), 2.70 (2H, s), 3.93 (3H, 
s), 4.25 (2H, q, J = 7.2 Hz), 4.31 (2H, q, J = 7.2 Hz), 6.62 (1H, s), 7.10-7.41 (4H, m), 8.57 (1H, d, J = 13.7 Hz), 11.09 
(1H f d, J = 13.7 Hz). 

EXAMPLE 283 

50 

N-Ethyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3 ) 8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine 

[1011] Triethylamine (0.50 mL, 3.55 mmol) was added to a solution of S-PAS.g-tetrahydro-e-methoxy-S.S.e.S-te- 
tramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine (1.21 g, 3.45 mmol) and (Z)-3-iodo-2-propenamide (654 mg, 3.32 
55 mmol) in toluene (2.5 mL) and the mixture was stirred at 60 °C for 2 hours and then at 80 °C for 6 hours. The reaction 
mixture was extracted with 2 M hydrochloric acid, and the aqueous layer was neutralized with cone, aqueous ammonia, 
and extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
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silica gel (hexane/ethyl acetate 5:1 followed by 3:1) and crystallized from hexane to obtain the title compound (178 

mg, yield: 14%). 

Melting point: 109-111 °C. 

1 H NMR (CDCI 3 ) 6 1.23 (6H, s), 1.24 (3H, t, J = 7.2 Hz), 1.32 (6H, s), 2.35 (2H. s), 2.67 (2H, s), 3.16 (2H, q, J = 7.2 
5 Hz), 3.66 (1H, br s), 3.91 (3H, s), 6.59 (1H, s), 6.63-6.69 (3H, m), 7.11-7.19 (1H, m). 

EXAMPLE 284 

N-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tet^^^ 

10 

[1 012] Tris(dibenzylideneacetone)dipalladium (0) (65 mg, 0.0707 mmol) was added to a suspension of 3-(3,4,8,9-tet- 
rahydro-e-methoxy-S^.S.S-tetramethylfurop.S-hlisoquinolin-l-yObenzenamine (1 .23 g, 3.46 mmol), 3-bromopyridine 
(0.32 mL, 3.43 mmol), sodium tert-butoxide (411 mg, 4.81 mmol) and 2,2'-bis(diphenylphosphino)-1 , 1 '-binaphthyl (98 
mg, 0.141 mmol) in toluene (30.5 mL) and the mixture was stirred at 110 °C for 24 hours. Water was poured into the 
15 reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was washed with brine, 
dried over magnesium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a basic silica gel (hexane/ethyl acetate 3:1 followed by 1 :1 ) and crystallized from hexane- 
diethyl ether to obtain the title compound (796 mg, yield: 54%). 
Melting point: 204-205 °C. 

20 1H NMR (CDCI3) 8 1.24 (6H, s), 1.34 (6H, s), 2.34 (2H, s), 2.69 (2H, s), 3.92 (3H, s), 5.79 (1H, s), 6.61 (1H, s), 6.97 
(1H, d, J = 7.6 Hz), 7.11-7.43 (5H, m), 8.11 (1H, dd, J = 4.8, 1.4 Hz), 8.40 (1H, d, J = 2.8 Hz). 

EXAMPLE 285 

25 N-(3-Pyridinyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2 l 3-h]isoquinolin-1-yl)phenyl]acetamide 

[1013] While cooling in ice, sodium hydride (66% dispersion in oil) (57 mg, 1 .57 mmol) was added to a solution of 
N-[3-(3,4,8,9-tetrahydro-6-meth^^ (513 mg, 

1 .20 mmol) in N,N-dimethylformamide (5 mL) and the mixture was stirred at room temperature for 20 minutes under 

30 reduced pressure. And then, while cooling in ice, acetyl chloride (0.11 mL, 1.50 mmol) was added thereto and the 
mixture was stirred at room temperature for 15 hours. Ice water was poured into the reaction mixture, which was 
extracted twice with ethyl acetate. The combined organic layer was washed with water (twice) and brine, dried over 
sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a basic silica gel (hexane/ethyl acetate 1 :1 followed by 1 :2) to obtain a mixture of the starting material and 

35 the title compound. This was subjected to the similar reactions and work-ups and subjected to a column chromatography 
on a silica gel (hexane/ethyl acetate 3:1 ) and crystallized from diethyl ether to obtain the title compound (1 76 mg, yield: 
31%). 

Melting point: 157-158 °C. 

1 H NMR (CDCI3) 6 1 .23 (6H, s), 1 .24 (6H, s), 2.09 (5H, s), 2.68 (2H, s), 3.91 (3H, s), 7.09 (1 H, s), 7.25-7.67 (6H, m), 
40 8.45-8.53 (2H, m). 

EXAMPLE 286 

N-Methyl-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 l 3-h]isoquinolin-1-yl)phenyl]-3-pyridinamine 
45 trihydrochloride 

[1014] By the method similar to that in EXAMPLE 285 and using iodomethane, a free base of the title compound 
was obtained. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and 
concentrated under reduced pressure to obtain the title compound. Yield: 74%. 
so Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.21 (6H, s), 1.46 (6H, s), 2.30 (2H, s), 3.16 (2H, s), 3.43 (3H, s), 3.94 (3H, s), 7.10 (1H, s), 
7.45-7.86 (6H, m), 8.27-8.29 (2H, m). 
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EXAMPLE 287 

3-Pyridinyl[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-teta^ acid ethyl 

ester dihydrochloride 

5 

[1015] By the method similar to that in EXAMPLE 190 and starting from N-[3-(3,4,8,9-tetrahydro-6-methoxy- 
S.S.S.S-tetramethylfuro^.S-hlisoquinolin-l-ylJphenyll-S-pyridinamine and ethyl chloroformate, a free base of the title 
compound was obtained. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate 
solution and concentrated under reduced pressure to obtain the title compound. Yield: 29%. 
10 Amorphous. 

1 H NMR (DMSO-d 6 ) 6 1.15 (3H, t, J = 7.0 Hz), 1.19 (6H, s), 1.41 (3H, s), 1.48 (3H, s). 1.98-2.28 (2H, m), 3.00-3.30 
(2H, m), 3.93 (3H, s), 4.15 (2H, q, J = 7.0 Hz), 7.09 (1H, s), 7.53-7.74 (5H, m), 7.95 (1H, d, J = 8.0 Hz), 8.52 (1H, d, J 
= 3.6 Hz), 8.67 (1H, d, J = 2.2 Hz), 12.79 (1H, br s). 

15 EXAMPLE 288 

N-CS-PyridinylJ-N-tS-CS^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop^-hlisoquinolin-l-ylJphenyllurea 

[1 01 6] Chlorosulfonyl isocyanate (0.075 mL, 0.865 mmol) was added to a solution of N-[3-(3,4,8,9-tetrahydro-6-meth- 
20 oxy-S.S.S.B-tetramethylfuro^.S-hlisoquinolin-l-ylJphenyll-S-pyridinamine (336 mg, 0.786 mmol) in tetrahydrofuran (3 
mL) and the mixture was stirred at room temperature for 6 hours. Acetic acid (1 mL) and water (0.5 mL) were added 
to the reaction mixture and the mixture was stirred at room temperature further for 3 hours. The reaction mixture was 
neutralized with 5 M aqueous solution of sodium hydroxide and extracted twice with ethyl acetate. The combined 
organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
25 The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :2 followed by 
ethyl acetate) and crystallized from hexane-ethyl acetate to obtain the title compound (1 77 mg, yield: 48%). 
Melting point: 168-169 °C. 

1 H NMR (CDCI 3 ) 6 1.24 (6H, br s), 1.26 (6H, s), 2.14 (2H, s), 2.69 (2H, s), 3.91 (3H, s), 4.74 (2H, brs), 6.60 (1H, s), 
7.24-7.31 (2H, m), 7.39-7.53 (3H, m), 7.70-7.78 (1H, m), 8.40 (1H, dd, J = 4.6, 1.3 Hz), 8.49 (1 H, d, J = 2.0 Hz). 

30 

EXAMPLE 289 

N-Phenyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine 

35 [1017] Calcium carbonate (570 mg, 1 .75 mmol), palladium (II) acetate (8.4 mg, 0.0375 mmol) and 2,2'-bis(diphenyl- 
phosphino)-1,1'-binaphthyl (35 mg, 0.0563 mmol) were added to a solution of 1-(3-bromophenyl)-3,4,8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline (51 7 mg, 1 .25 mmol) and aniline (0.04 mL, 1 .50 mmol) in toluene 
(2.5 mL) and the mixture was stirred at 1 00 °C for 24 hours. Ice water was poured into the reaction mixture, which was 
extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, 

40 filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
silica gel (hexane/ethyl acetate 10:1 followed by 3:1) and crystallized from diethyl ether to obtain the title compound 
(226 mg, yield: 42%). 
Melting point: 87-88 °C. 

1 H NMR (CDCI3) 8 1 .24 (6H, s), 1 .34 (6H, s), 2.36 (2H, s), 2.68 (2H, s), 3.91 (3H, s), 5.74 (1 H, s), 6.59 (1 H, s), 6.89-7.30 
45 (9H, m). 

EXAMPLE 290 

N-Phenyl-N-p-fS^^.g-tetrahydro-e-methoxy-S^.e^-tetramethylfuroP^-hjisoquinolin-l-yOphenyljacetamide 
so hydrochloride 

[1018] Triethylamine (0.18 mL, 1.28 mmol) and acetyl chloride (0.086 mL, 1 .22 mmol) were added to a solution of 
N-phenyl-S-JS^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hjisoquinolin-l -yl)benzenamine (494 mg, 1.16 
mmol) in N.N-dimethylformamide (2 mL) and the mixture was stirred at room temperature for 10 hours. Ice water was 
55 poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was washed 
with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1 ) to obtain a free base of the title compound. 
This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under 
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reduced pressure to obtain the title compound (364 mg, yield: 62%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .56 (6H, s), 1 .37 (3H, s), 1 .51 (3H, s), 1 .95 (3H, s), 2.50 (2H, s), 3.26 (2H, s), 3.93 (3H, s), 7.09 
(1 H, s), 7.30-7.80 (9H, m), 12.70 (1H, s). 

5 

EXAMPLE 291 

l-JS-BromophenylJ-S^.S.g-tetrahydro-e-methoxy-S.S.S^-tetramethyl^-furo^.S-hlisoquinolinol hydrochloride 

10 [1 01 9] N-Bromosuccinimide (773 mg, 4.34 mmol) and 2 ) 2'-azobis(isobutyronitrile) (79 mg, 0.483 mmol) were added 
to a solution of l-fS-bromophenylJ-S^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hJisoquinoline (2.00 g, 
4.83 mmol) in carbon tetrachloride (20 mL) and the mixture was stirred at 60 °C for 6 hours. The reaction mixture was 
extracted twice with 2 M hydrochloric acid, and the combined aqueous layer was neutralized with cone, aqueous am- 
monia and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried 

*5 over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chro- 
matography on a silica gel (hexane/ethyl acetate 5:1 followed by 1 :2) to obtain a free base of the title compound. 
1 H NMR (CDCI 3 ) 6 1.25 (3H, S), 1.30 (3H, s), 1 .35 (3H, s), 1.36 (3H, s), 2.26 (2H, s), 3.96 (3H, s), 4.48 (1H, s), 6.96 
(1H, s), 7.22-7.39 (2H, m), 7.50-7.62 (2H, m). 

[1020] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution and crystal- 
20 |jzed from ethyl acetate to obtain the title compound (630 mg, yield: 31%). Melting point: 190-192 °C. 

1 H NMR (DMSO-d 6 ) 8 1 .24 (3H, s), 1 .28 (3H, s), 1 .34 (3H, s), 1 .41 (3H, s), 2.26 (2H, s), 3.97 (3H, s), 4.56 (1 H, br s), 
6.17 (1 H, s), 7.24 (1 H, s), 7.59-7.62 (2H, m), 7.95-7.99 (2H, m). 

EXAMPLE 292 

25 

N-p'-tS^.S.g-Tetrahydro^-hydroxy-e-methoxy-S.S.S.S-tetramethylfuro^.S-hJisoquinolin-l-yOIl ,1'-biphenyl]-3-yl] 
acetamide 

[1021] The title compound was obtained from ^(S-bromophenylJ-S^.S.g-tetrahydro-e-methoxy-S.S.e.S-tetramethyl- 
30 4-furo[2,3-h]isoquinolinol and 3-acetamidobenzeneboronic acid by the method similar to that in EXAMPLE 254. Yield: 
64%. 

Amorphous. 

1 H NMR (CDCI3) 5 1.25 (3H, s), 1.30 (6H, s), 1.33 (3H, s), 2.18 (3H, s), 2.26 (2H, s), 3.97 (3H, s), 4.45 (1H, s), 6.96 
(1H, s), 7.23-7.63 (8H, m), 7.72 (1H, brs). 

35 

EXAMPLE 293 

N-[3'-(3,4,8,9-Tetrahydro-4-hydroxy-6-methoxy-3 l 3,8,8-tetramethylfuro[2 ) 3-h]isoquinolin-1-yl)[1,1 , -biphenyl]-3-v 
acetamide hydrochloride 

40 

[1022] The title compound was obtained from N-[3 , -(3,4,8,9-tetrahydro-4-hydroxy-6-methoxy-3,3,8,8-tetramethylfuro 
P^-hlisoquinolin-l-yOtl.V-biphenyll-S-yllacetamide by the method similar to that in EXAMPLE 212. Yield: 88%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1.21 (6H, s), 1.37 (3H, s), 1.45 (3H, s), 2.07 (3H, s), 2.32 (2H, s), 3.98 (3H, s), 4.61 (1H, brs), 
45 6.18 (1H, brs), 7.26 (1H, s), 7.42-8.06 (8H, m), 10.19 (1H, s), 12.67 (1H, brs). 

EXAMPLE 294 

N-P'-JS^.S.g-Tetrahydro-e-methoxy-S.S^^-tetramethyl^-oxofuro^.S-hJisoquinolin-l-yOtl.l'-biphenyll-S-y^ 
so acetamide 

[1023] Manganese dioxide (1.04 g, 12.0 mmol) was added to a solution of N-[3'-(3,4,8,9-tetrahydro-4-hydroxy- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1 ,1'-biphenyl]-3-yl]acetamide (290 mg, 0.598 mmol) in chlo- 
roform (5 mL) and the mixture was stirred at room temperature for 6 hours. Inorganics were filtered off and the filtrate 
55 was concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel 
(hexane/ethyl acetate 1 : 1 followed by 1 :2) and crystallized from hexane-ethyl acetate to obtain the title compound (209 
mg, yield: 72%). 
Melting point: 210-212 °C. 
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1 H NMR (CDCI 3 ) 5 1.34 (6H, s), 1.56 (6H, s), 2.20 (3H, s), 2.26 (2H, s), 4.00 (3H, s), 7.27-7.69 (8H, m), 7.84 (1H, s). 

EXAMPLE 295 

5 5-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetram 

[1024] A solution of sodium carbonate (198 mg, 1 .86 mmol) In water (1 ml_) and tetrakis(triphenylphosphine)palla- 
dium(0) (55 mg, 0.0475 mmol) were added to a solution of N-(5-bromo-2-pyridinyl)acetamide (243 mg, 1.13 mmol) 
and 3-cyanophenylboronic acid (249 mg, 1 .70 mmol) in 1,2-dimethoxyethane(2mL)andethanol (1 ml_) and the mixture 
10 was stirred at 80 °C for 1 5 hours. Water was poured into the reaction mixture, which was extracted twice with tetrahy- 
drofuran. The combined organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated 
under reduced pressure. The resultant crystals were washed with diethyl ether to obtain N-[5-(3-cyanophenyl)-2-py- 
ridinyljacetamide (205 mg, yield: 77%). 

1 H NMR (CDCI3) 5 2.25 (3H, s), 7.54-7.92 (5H, m), 8.02 (1H, brs), 8.32 (1H, d, J = 8.0 Hz), 8.48 (1H, d, J = 2.2 Hz). 
*5 [1025] Using this and by the method similar to that in EXAMPLE 17, the title compound was obtained. Yield: 11%. 
Melting point: 165-1 68 °C (diethyl ether). 

1 H NMR (CDCI3) 5 1.27 (6H, s), 1.30 (6H, s), 2.26 (2H, s), 2.72 (2H, s), 3.93 (3H, s), 4.50 (2H, s), 6.57 (1H, dd, J = 

8.4, 0.8 Hz), 6.63 (1H, s), 7.32-7.56 (4H, m), 7.70 (1H, dd, J = 8.4, 2.4 Hz), 8.34 (1H, d, J = 1.8 Hz). 

20 EXAMPLE 296 

N-[5-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-2-pyridinyl]acetamide 

[1026] From a mixture of 5-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]- 
25 2-pyridinamine obtained by the column chromatography in EXAMPLE 295 and N-[5-[3-(3,4,8,9-tetrahydro-6-methoxy- 

5.5. e.B-tetramethylfurop^-hlisoquinolin-l-yOphenyn^-pyridinyllacetamide and by the method similar to that in EX- 
AMPLE 222, the title compound was obtained. Yield: 8.9%. 

Melting point: 208-209 °C (diethyl ether). 

1 H NMR (CDCI3) 5 1.27 (6H, s), 1.30 (6H, s), 2.23 (3H, s), 2.26 (2H, s), 2.72 (2H, s), 3.93 (3H, s), 6.63 (1H, s), 7.25 
30 (1H, d, J = 8.4 Hz), 7.38-7.58 (4H, m), 7.91-7.96 (2H, m), 8.51 (1H, d, J = 1.4 Hz). 

EXAMPLE 297 

N-[5-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-2-pyridinyl] 
35 methanesulfonamide hydrochloride 

[1027] By the method similar to that in EXAMPLE 222 and starting from 5-[3-(3,4,8,9-tetrahydro-6-methoxy- 
3,3,8 f 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-2-pyridinylamine and methanesulfonyl chloride, a free base of 
the title compound was obtained. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl 
40 acetate solution, and concentrated under reduced pressure to obtain the title compound. Yield: 54%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.21 (6H, s), 1 .45 (3H, s), 1.52 (3H, s), 2.26 (2H, s), 3.00-3.40 (5H, m), 3.95 (3H, s), 7.13-7.15 
(2H, m), 7.58-7.78 (2H, m), 8.02-8.52 (6H, m). 

45 EXAMPLE 298 

6-(Ethylthio)-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinoiine hydrochloride 

[1 028] By the method similar to that in EXAM PLE 1 7 and starting from 7-(ethylthio)-2,3-dihydro-2,2-dimethyl-5-(2-me- 
50 thyl-1-propenyl)benzofuran and benzonitrile, a free base of the title compound was obtained. This was dissolved in 
ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, and concentrated under reduced pressure 
to obtain the title compound. Yield: 32%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.23 (6H, s), 1.32 (3H, t, J = 7.5 Hz), 1.45 (6H, s), 2.19 (2H, s), 3.12 (2H, q, J = 7.5 Hz), 3.17 
55 (2H, s), 7.23 (1 H, s), 7.63-7.80 (5H, m). 
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EXAMPLE 299 

N-(4-Pyridinylmethyl)-4-(3 f 4,8,9-tetrahydro-6-meth^ 
benzenesulfonamide dihydrochloride 

5 

[1029] 4-(Aminomethyl)pyridine (851 mg, 7.87 mmol) was dissolved in pyridine (2 mL) and, while cooling in ice, 
4-cyanobenzenesulfonyl chloride (1 .75 g, 8.66 mmol) was added and the mixture was stirred at room temperature for 
2 hours. The reaction mixture was combined with 2 M hydrochloric acid with cooling in ice, and washed with diethyl 
ether. The aqueous layer was adjusted at pH 8 with 5 M aqueous solution of sodium hydroxide and extracted twice 
10 with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered, and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (ethyl 
acetate) to obtain 4-cyano-N-(4-pyridinylmethyl)benzenesulfonamide (674 mg, yield: 31%). 

1 H NMR (CDCI 3 + DMSO-d 6 2 drops) 5 4.12 (2H, d, J = 5.4 Hz), 7.20 (2H, dd, J = 4.4, 1.4 Hz), 7.74-7.80 (2H, m), 
7.94-8.00 (2H, m), 8.08 (1 H, br s), 8.50 (2H, dd, J = 4.4, 1 .8 Hz). 
'5 [1 030] Using this and by the method similar to that in EXAMPLE 1 7, a free base of the title compound was obtained. 
This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under 
reduced pressure and crystallized from ethanol-ethyl acetate to obtain the title compound. Yield: 18%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1 .24 (6H, s), 1 .48 (6H, s), 2.16 (2H, s), 3.19 (2H, s), 3.95 (3H, s), 4.34 (2H, d, J = 6.0 Hz), 7.12 
20 (1 H, s), 7.83-7.89 (4H, m), 8.08 (2H, d, J = 8.4 Hz), 8.82 (2H, d, J = 6.6 Hz), 9.07 (1H, t, J = 6.0 Hz). 

EXAMPLE 300 

N-Methyl^^S^.S.g-tetrahydro-e-methoxy-S.S.e.S-tetramethylfuro^.S-hjisoquinolin-l-yObenzenesulfonamide 

25 

[1031] Methylamine hydrochloride (1 .05 g, 15.6 mmol) was dissolved in pyridine (4 mL), 4-cyanobenzenesulfonyl 
chloride (3.30 g, 16.4 mmol) was added thereto with cooling in ice, and the mixture was stirred at room temperature 
for 2 hours. The reaction mixture was combined with ice water, acidified with 1 M hydrochloric acid, and extracted twice 
with ethyl acetate. The combined organic layer was washed with water and brine, dried over magnesium sulfate, filtered 
30 and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel 
(hexane/ethyl acetate 3:1 followed by 1:1), and the resultant crystals were washed with diethyl ether to obtain 4-cy- 
ano-N-methylbenzenesulfonamide (1 .54 g, yield: 56%). 

1 H NMR (CDCI3) 5 2.72 (3H, d, J = 5.2 Hz), 4.50 (1 H, q, J = 5.2 Hz), 7.84 (2H, dd, J = 6.6, 1 .8 Hz), 7.99 (2H, dd, J = 
6.6, 1.8 Hz). 

35 [1032] The title compound was obtained from this by the method similar to that in EXAMPLE 17. Yield: 26%. 
Melting point: 146-148 °C (methanol-diethyl ether). 

1 H NMR (CDCI3) 5 1.26 (6H, s), 1.32 (6H, s), 2.17 (2H, s), 2.65 (3H, d, J = 5.3 Hz), 2.71 (2H, s), 3.93 (3H, s), 4.43 
(1H, q, J = 5.3 Hz), 6.63 (1H, s), 7.57 (2H, d, J = 8.3 Hz), 7.89 (2H, d, J = 8.3 Hz). 

40 EXAMPLE 301 

N-(2-Amino-2-oxoethyl)-N-methyl-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl) 
benzenesulfonamide 

45 [1033] The title compound was obtained from N-methyl-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro 
[2,3-h]isoquinolin-1-yl)benzenesulfonamide and 2-bromoacetamide by the method similar to that in EXAMPLE 190. 
Yield: 35%. 

Melting point: 115-117 °C (ethyl acetate-diethyl ether). 

1 H NMR (CDCI3) 5 1.26 (6H, s), 1.33 (6H, s), 2.14 (2H, s), 2.71 (2H, s), 2.84 (3H, s), 3.63 (2H, s), 3.93 (3H, s), 5.57 
so (1 H, br s), 6.57 (1 H, br s), 6.64 (1 H, s), 7.62 (2H, d, J = 8.4 Hz), 7.84 (2H, d, J = 8.4 Hz). 

EXAMPLE 302 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-(6-quinolinyl)furo[2,3-h]isoquinoline dihydrochloride 

55 

[1034] A free base of the title compound was obtained from 6-quinolinecarbonitrile by the method similar to that in 
EXAMPLE 28. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, con- 
centrated under reduced pressure, and crystallized from ethanol-ethyl acetate to obtain the title compound. Yield: 37%. 
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Melting point: 182-184 °C. 

1 H NMR (DMSO-d 6 ) 5 1 .17 (6H, s), 1.50 (6H, s), 2.18 (2H, s), 3.05-3.35 (2H, m), 3.87 (3H, s), 7.15 (1H, s), 7.86 (1H, 
dd, J = 8.6, 4.4 Hz), 8.02 (1 H, dd, J = 8.8, 1 .8 Hz), 8.36 (1 H, d, J = 8.8 Hz), 8.51 (1 H, s), 8.78 (1 H, d, J = 8.0 Hz), 9.21 
(1H, dd, J = 4.4, 1.4 Hz). 

5 

EXAMPLE 303 

3 p 4 > 8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-(7-quinolinyl)furo[2,3-h]isoquinoline 

io [1035] A solution of 7-quinolinecarboxamide (1.21 g, 7.03 mmol) in chloroform (8 mL) was treated dropwise with 
phosphorus oxychloride (3.28 mL, 35.1 mmol), and stirred at 90 °C for 3 hours. The reaction mixture was poured into 
ice water, neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate. The combined organic layer 
was washed with water and brine, dried over sodium sulfate, and concentrated under reduced pressure to obtain 
7-quinolinecarbonitrile (984 mg, yield: 72%). 

15 1H NMR (CDCI 3 ) 6 7.57(1 H, dd, J = 8.5, 4.1 Hz), 7.72 (1H, dd, J = 8.4, 1.4 Hz), 7.94 (1H, d, J = 8.4 Hz), 8.20-8.27 
(1 H, m), 8.50 (1 H, s), 9.06 (1 H, dd, J = 4.2, 1 .6 Hz). 

[1036] The title compound was obtained from this by the method similar to that in EXAMPLE 28. Yield: 48%. 
Melting point: 172-174 °C (diethyl ether). 

1 H NMR (CDCI3) 5 1.25 (6H, s), 1.29 (6H, s), 2.19 (2H, s), 2.74 (2H, s), 3.94 (3H, s), 6.65 (1H, s), 7.43 (1H, dd, J = 
20 8.2, 4.2 Hz), 7.61 (1H, dd, J = 8.2, 1 .6 Hz), 7.85 (1H, d, J = 8.4 Hz), 8.15-8.21 (2H, m), 8.95 (1H, dd, J = 4.2, 1.6 Hz). 

EXAMPLE 304 

N-Methyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine 

25 

[1 037] The title compound was obtained from 3-(methylamino)benzonitrile by the method similar to that in EXAMPLE 
28. Yield: 22%. 

Melting point: 105-107 °C (diethyl ether-hexane). 

1 H NMR (CDCI3) 5 1 .24 (6H, s), 1 .32 (6H, s), 2.35 (2H, s), 2.68 (2H, s), 2.84 (3H, s), 3.73 (1 H, br s), 3.92 (3H, s), 6.59 
30 (1 H, s), 6.63-6.70 (3H, m), 7.13-7.21 (1 H, m). 

EXAMPLE 305 

3,4,8,9-Tetrahydro-3,3,6,8,8-pentamethyl-1-phenylfuro[2,3-h]isoquinoline hydrochloride 

35 

[1 038] Phosphorus oxychloride (1.10 mL, 1 1 .8 mmol) was added to a solution of 2,3-dihydro-2,2,7-trimethyl-5-(2-me- 
thyl-1-propenyl)benzofuran (1.02 g, 1.94 mmol) andbenzamide (1.14g, 9.43 mmol) in toluene (10mL) and the mixture 
was stirred at 60 °C for 2 hours, and then at 90 °C for 3 hours. The reaction mixture was poured into water, and the 
aqueous layer was separated, neutralized by 5 M aqueous solution of sodium hydroxide, and extracted twice with ethyl 

40 acetate. The combined organic layer was washed with brine, dried over magnesium sulfate, filtered and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
acetate 100:1 followed by 10:1) to obtain a free base of the title compound. This was dissolved in hexane, combined 
with 4 M hydrogen chloride/ethyl acetate solution, and concentrated under reduced pressure to obtain the title com- 
pound (65 mg, yield: 3.9%). 

45 Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .23 (6H, s), 1 .43 (6H, s), 2.19 (2H, s), 2.21 (3H, s), 3.11 (2H, s), 7.16 (1H, s), 7.64-7.80 (5H, m). 
EXAMPLE 306 

50 1-(4-Cyclohexylphenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3 f 8,8-tetramethylfuro[2,3-h]isoquinoline hydrochloride 

[1039] A free base of the title compound was obtained from 4-cyclohexylbenzonitrile by the method similar to that 
in EXAMPLE 1. This was dissolved in ethanol, combined with 3.3 M solution of hydrogen chloride/ethanol, and con- 
centrated under reduced, pressure. The resultant residue was crystallized from ethyl acetate to obtain the title com- 
55 pound. Yield: 21%. 

Melting point: 213-214 °C. 

1 H NMR (CDCI3) § 1 .23-1 .54 (1 2H, m), 1 .69-1 .96(1 OH, m), 2.54-2.68 (1 H, m), 2.28 (2H, s), 3.00 (2H, s), 4.01 (3H, s), 
6.74 (1H, s), 7.39 (2H, d, J = 8.3Hz), 7.68 (2H, d, J = 8.3Hz). 
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EXAMPLE 307 

S^.S^-Tetrahydro-e-methoxy-S.S^.B^etramethyl-l-J^phenoxyphenyOfurop.S-hlisoquinoline hydrochloride 

[1040] The title compound was obtained from 4-phenoxybenzonltrile by the method similar to that in EXAMPLE 306. 
Yield: 19%. 

Melting point: 198-199 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) 6 1.39 (6H, s), 1.68 (6H, s), 2.40 (2H, s), 3.00 (2H, s), 4.02 (3H. s), 6.74 (1H, s), 7.12 (4H, d, J = 
8.7Hz), 7.18-7.26 (1H, m), 7.42 (2H, t, J = 8.2Hz), 7.75 (2H, d, J = 8.7Hz). 

EXAMPLE 308 

3,4 > 8,9-Tetrahydro-6-methoxy-3 ) 3,8,8-tetramethyl-1-(2-naphthyl)furo[2 l 3-h]isoquinoline hydrochloride 

[1041] The title compound was obtained from p-naphthonitrile by the method similar to that in EXAMPLE 306. Yield: 
37%. 

Melting point: 158-160 °C (ethyl acetate). 

1 H NMR (CDCI3) 6 1 .29 (6H, s), 1 .73 (6H, br s), 2.27 (2H, s), 3.05 (2H, br s), 4.03 (3H, s), 6.78 (1 H, s), 7.56-7.70 (3H, 
m), 7.90-8.09 (3H, m), 8.49 (1 H, s). 

EXAMPLE 309 

S^.S.g-Tetrahydro-e-methoxy-S.S.e.B-tetramethyl-l-^l-piperidinylJphenyllfurop.S-hlisoquinoline hydrochloride 

[1 042] The title compound was obtained from 4-(1 -piperidinyl)benzonitrile by the method similar to that in EXAMPLE 
306. Yield: 18%. 

Melting point: 188-190 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 6 1 .63 (6H, s), 1 .68 (12H, br), 2.58 (2H, s), 2.93 (2H, s), 3.42 (4H, br), 4.00 (3H, s) } 6.71 (1H, s), 6.93 
(2H, d, J = 8.4Hz) t 7.77 (2H, d, J = 8.4Hz). 

EXAMPLE 310 

2,6-Bis(1 , 1 -dimethylethyO^-fS^.e^-tetrahydro-e-methoxy-S.S.B.e-tetramethylfurop.S-hlisoquinolin-l -yl)phenol 
hydrochloride 

[1 043] The title compound was obtained from 3,5-bis(1 , 1 -dimethylethyl)-4-hydroxybenzonitrile by the method similar 

to that in EXAMPLE 306. Yield; 50%. 

Melting point: 211-213 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .50 (18H, s), 1 .69 (12H, s), 2.40 (2H, s), 2.98 (2H, s), 4.02 (3H, s), 5.90 (1 H, s), 6.74 (1 H, s), 7.53 
(2H, s). 

EXAMPLE 311 

3 l 4,8,9-Tetrahydro-6-methoxy-3,3 ) 8,8-tetramethyl-1-(4-methyl-2-phenyl-1H-imidazol-5-yl)furo[2,3-h]isoquinoline 
hydrochloride 

[1044] The title compound was obtained from 4-methyl-2-phenyl-1H-imidazol-5-carbonitrile by the method similar to 
that in EXAMPLE 306. Yield: 5%. 
Melting point: 238-240 °C (ethyl acetate). 

1 H NMR (CDCI3) 5 1.35 (6H, br), 1.65 (6H, br), 2.29 (1H, br), 2.63 (1H, br), 2.71 (3H, br), 3.08 (2H, br), 4.01 (3H, s), 
6.70 (1 H, s), 7.22 (1 H, br), 7,49 (2H, br), 7.90 (2H, br), 8.39 (1 H, br). 

EXAMPLE 312 

e-Methyl-S-^AS.g-tetrahydro-e-methoxy-S.S,^ 
hydrochloride 

[1045] The title compound was obtained from 3-cyano-6-methyl-2(1 H)-pyridinone by the method similar to that in 
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EXAMPLE 306. Yield: 53%. 

Melting point: 178-180 °C (ethyl acetate). 

1 H NMR (CDCI 3 ) 5 1.33 (6H, s), 1.51 (6H, s), 1.62 (2H, br), 2.36 (3H, s), 2.58 (2H, br), 3.90 (3H, s), 6.06 (1H, d, J = 
7.3Hz), 6.59 (1H, s), 7.72 (1H, d, J = 7.3Hz). 

EXAMPLE 313 

l-Cyclopentyl-S^^.g^etrahydro-e-methoxy-S.S.S^-tetramethylfurop.S-hlisoquinoline hydrochloride 

[1046] The title compound was obtained from cyclopentanecarbonitrile by the method similar to that in EXAMPLE 
306. Yield: 20%. 

Melting point: 197-198 °C (ethyl acetate). 

1 H NMR (CDCI3) 5 1 .57 (6H, s), 1 .65 (6H, s), 1 .76 (2H, br), 2.05-2.30 (4H, m), 2.44-2.57 (2H, m), 2.88 (2H, s), 3.20-3.58 
(3H, m), 4.00 (3H, s), 6.67 (1H, s). 

EXAMPLE 314 

1-(4-Ethoxyphenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3 l 8,8-tetramethylfuro[2 l 3-h]isoquinoline hydrochloride 

[1047] The title compound was obtained from 4-ethoxybenzonitrile by the method similar to that in EXAMPLE 306. 
Yield: 57%. 

Melting point: 158-160 °C (ethyl acetate). 

1 H NMR (CDCI3) 8 1 .37 (6H, s), 1 .46 (3H, t, J = 7.0Hz), 1 .67 (6H, s), 2.41 (2H, s), 2.99 (2H, s), 4.02 (3H, s), 4.14 (2H, 
q, J = 7.0Hz), 6.74 (1 H, s), 7.04 (2H, br d, J = 6.1 Hz), 7.75 (2H, br d, J = 6.1 Hz). 

EXAMPLE 315 

S^^^-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-^-tl-methylethoxyJphenyllfurop^-hlisoquinoline hydrochloride 

[1048] The title compound was obtained from 4-(1 -methylethoxy)benzonitrile by the method similar to that in EXAM- 
PLE 306. Yield: 21%. 
Melting point: 130-132 °C (ethyl acetate). 

1H NMR (CDCI3) 5 1 .38 (6H, s), 1 .39 (6H, d, J = 4.6Hz), 1 .66 (6H, s), 2.43 (2H, s), 2.97 (2H, s), 4.01 (3H, s), 4.65-4.75 
(1 H, m), 6.72 (1 H, s), 7.02 (2H, d, J = 8.3Hz), 7.76 (2H, d, J = 8.3Hz). 

EXAMPLE 316 

[4-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]methyl acetate hydrochloride 

[1 049] The title compound was obtained from 4-cyanobenzyl acetate by the method similar to that in EXAM PLE 306. 
Yield: 24%. 

Melting point: 184-186 °C (ethyl acetate). 

1 H NMR (CDCI3) 5 1.35 (6H, s), 1.68 (9H, br s), 2.30 (2H, s), 3.05 (2H, brs), 4.02 (3H, s), 4.74 (2H, s), 6.74 (1H, s), 
7.59 (4H, br). 

EXAMPLE 317 

3,4,8,9-Tetrahydro-6-methoxy-1-[4-[2-(4-methoxyph 
hydrochloride 

[1050] The title compound was obtained from 4-[2-(4-methoxyphenyl)ethoxy]benzonitrile by the method similar to 
that in EXAMPLE 306. Yield: 35%. 
Melting point: 198-200 °C (ethyl acetate). 

1 H NMR (CDCI 3 ) 5 1.37 (6H, s), 1 .66 (6H, s), 2.39 (2H, s), 2.98 (2H, s), 3.07 (2H, t, J = 7.0Hz), 3.81 (3H, s), 4.01 (3H, 
s), 4.23 (2H, t, J = 7.0Hz), 6.72 (1H, s), 6.88 (2H, d, J = 8.6Hz), 7.03 (2H, d, J = 8.8Hz), 7.22 (2H, d, J = 8.6Hz), 7.72 
(2H, d, J = 8.8Hz). 
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EXAMPLE 31 8 

l-Cyclohexyl-S.A.S.G-tetrahydro-e'methoxy-a.S.S.S-tetramethylfuro^.S-hlisoquinoline hydrochloride 

5 [1051] The title compound was obtained from cyclohexanecarbonitrile by the method similar to that in EXAMPLE 
306. Yield: 28%. 

Melting point: 210-211 °C (ethyl acetate). 

1 H NMR (CDCI 3 ) 6 1 .25-1 .40 (2H, m), 1 .58 (6H, s), 1 .65 (6H, s), 1 .69-1 .85 (6H, m), 1 .96-2.07 (2H, m), 2.58-2.78 (2H, 
m), 2.88-3.04 (3H, m), 3.99 (3H, s), 6.67 (1H, s). 

10 

EXAMPLE 319 

3 ) 4,8,9-Tetrahydro-6-methoxy-3,3 I 8 I 8-tetramethyl-1-(2-methylthia2ol-4-yl)furo[2,3-h]isoquinoline 

15 [1052] The title compound was obtained from 2-methylthiazol-4-carbonitrile by the method similar to that in EXAM- 
PLE 1 . Yield: 5%. 

Melting point: 127-128 °C (hexane). 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .37 (6H, s), 2.34 (2H, s), 2.70 (2H, s), 2.74 (3H, s), 3.91 (3H, s), 6.59 (1H, s), 7.37 
(1H.s). 

20 

EXAMPLE 320 

l-JS-FluorophenyO-S^.S.g-tetrahydro-e-methoxy-S^.S.S-tetramethylfuro^^-hlisoquinoline hydrochloride 

25 [1053] The title compound was obtained from 3-fluorobenzonitrile by the method similar to that in EXAMPLE 306. 
Yield: 47%. 

Melting point: 198-199 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 6 1 .24 (6H, s), 1 .33 (6H, s), 2.24 (2H, s), 2.69 (2H, s), 3.92 (3H, s), 6.62 (1 H, s), 7.06-7.1 8 (3H, m), 
7.30-7.41 (1H, m). 

30 

EXAMPLE 321 

1-(2,4-Difluorophenyl)-3 t 4,8,9-tetrahydro-6-methoxy-3,3 I 8,8-tetramethylfuro[2 > 3-h]isoquinoline 

35 [1054] The title compound was obtained from 2,4-difluorobenzonitrile by the method similar to that in EXAMPLE 1 . 
Yield: 45%. 

Melting point: 143-144 °C (hexane). 

1 H NMR (CDCI3) 5 1 .14 (3H, s), 1 .32 (3H, s), 1 .38 (3H, s), 1 .39 (3H, s), 2.1 7 (1 H, d, J = 15.8Hz), 2.34 (1 H, d, J = 15.8 
Hz), 2.63 (1 H, d, J = 1 5.6 Hz), 2.81 (1 H, d, J = 1 5.6 Hz), 3.92 (3H, s), 6.60 (1 H, s), 6.77-7.00 (2H, m), 7.32-7.43 (1 H, m). 

40 

EXAMPLE 322 

^(S.S-DifluorophenyO-S^.S.g-tetrahydro-e-methoxy-S.S.S.B-tetramethylfuro^.S-hJisoquinoline hydrochloride 

45 [1 055] The title compound was obtained from 3,5-dif luorobenzonitrile by the method similar to that in EXAMPLE 306. 
Yield: 42%. 

Melting point: 198-199 °C (ethyl acetate-hexane-diethyl ether). 

1 H NMR (CDCI3) 5 1.24 (6H, s), 1.36 (6H, s), 2.30 (2H, S), 2.69 (2H, s), 3.93 (3H, s), 6.62 (1H, s), 6.71-6.90 (1H, m), 
6.93-6.98 (2H, m). 

50 

EXAMPLE 323 

1-(2,3-Dihydro-7-methoxy-5-benzofuranyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 ) 3-h]isoquinoline 

55 [1 056] The title compound was obtained from 7-methoxy-2,3-dihydro-5-benzofurancarbonitrile by the method similar 
to that in EXAMPLE 1 . Yield: 52%. 
Melting point: 150-151 °C (hexane). 

1 H NMR (CDCI3) 5 1 .22 (6H, s), 1 .34 (6H, s), 2.35 (2H, s), 2.67 (2H, s), 3.23 (2H, t, J = 8.8 Hz), 3.85 (3H, s), 3.92 (3H, 
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s), 4.67 (2H, t, J = 8.8 Hz), 6.60 (1H, s), 6.75 (1H, s), 6.93 (1H, s). 

EXAMPLE 324 

5 N-t^-PAS.g-Tetrahydro-e-methoxy-S.S.S.S-te^ 
methanesulfonamide hydrochloride 

[1057] The title compound was obtained from N-[(4-cyanophenyl)methyl]methanesulfonamide by the method similar 
to that in EXAMPLE 306. Yield: 65%. 
10 Melting point: 234-235 °C (ethyl acetate). 

1H NMR (DMSO-d 6 ) 5 1 .23 (6H, s), 1 .45 (6H, s), 2.21 (2H, s), 2.92 (3H, s), 3.17 (2H, s), 3.95 (3H, s), 4.33 (2H, d, J = 
3.8 Hz), 7.10 (1H, s), 7.61 (4H, s), 7.84 (1H, br). 

EXAMPLE 325 

15 

S^.S^-Tetrahydro-e-methoxy-l^e-methoxy-S-pyridinyO-S.S^.S-tetramethylfuro^.S-hlisoquinoline hydrochloride 

[1058] The title compound was obtained from 6-methoxy-3-pyridinecarbonitrile by the method similar to that in EX- 
AMPLE 306. Yield: 6%. 
20 Amorphous. 

1 H NMR (CDCI 3 ) 6 1.23 (6H, s), 1.35 (6H, s), 2.33 (2H, s), 2.68 (2H, s), 3.93 (3H, s), 3.98 (3H, s), 6.62 (1H, s), 6.77 
(1 H, dd, J = 8.4, 0.6 Hz), 7.63 (1 H, dd, J = 8.4, 2.2 Hz), 8.1 9 (1 H, d, J = 2.2 Hz). 

EXAMPLE 326 

25 

S^.e.g-Tetrahydro-e-methoxy-S.S.S.e-tetramethyl-l-fS-CI-methylethoxyJphenyllfuroP.S-hlisoquinoline hydrochloride 

[1 059] The title compound was obtained as a main product from 3-(1 -methylethoxy)benzonitrile by the method similar 
to that in EXAMPLE 306. Yield: 26%. 
30 Melting point: 1 91 -1 93 °C (ethyl acetate-hexane-diethyl ether). 

1 H NMR (CDCI3) 5 1.24 (6H, s), 1.30-1.33 (12H, m), 2.26 (2H, s), 2.69 (2H, s), 3.92 (3H, s), 4.52-4.63 (1H, m), 6.60 
(1H, s), 6.89-6.96 (3H, m), 7.27 (1H, t, J = 7.4 Hz). 

EXAMPLE 327 

35 

3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenol 

[1060] The title compound was obtained as a by-product in EXAMPLE 326. Yield: 1 7%. 
Melting point: 208-209 °C (hexane). 
40 1H NMR (CDCI3) 5 1 .23 (6H, s), 1 .31 (6H, s), 2.28 (2H, s), 2.74 (2H, s), 3.93 (3H, s), 6.61 -6.73 (3H, m), 6.85 (1H, t, J 
= 2.2 Hz), 7.09 (1H,t, J = 7.8 Hz). 

EXAMPLE 328 

45 3 p 4,8,9-Tetrahydro-6-methoxy-1-(6-methoxybenzothiazol-2-yl)-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 

[1 061 ] The title compound was obtained from 2-cyano-6-methoxybenzothiazole by the method similar to that in EX- 
AMPLE 1 . Yield: 18%. 

Melting point: 170-171 °C (ethyl acetate-hexane). 
50 1H NMR (CDCI3) 6 1.27 (6H, s), 1.38 (6H, s), 2.70 (2H, s), 2.79 (2H, s), 3.91 (3H, s), 3.92 (3H, s), 6.61 (1H, s), 7.11 
(1 H, dd, J = 9.0, 2.5 Hz), 7.39 (1 H, d, J = 2.5 Hz), 7.93 (1 H, d, J = 9.0 Hz). 

EXAMPLE 329 

55 S-JS^.S.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethylf uro(2,3-h]isoquinolin-1 -yl)pyridine 1 -oxide 

[1062] The title compound was obtained from 3-cyanopyridine 1 -oxide by the method similar to that in EXAMPLE 1 . 
Yield: 27%. Melting point: 145-146 °C (ethyl acetate-hexane-diisopropyl ether). 
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1 H NMR (CDCI 3 ) 8 1.24 (6H, s), 1 .37 (6H, s), 2.39 (2H, s), 2.70 (2H, s), 3.93 (3H, s), 6.63 (1H, s), 7.27-7.32 (2H, m), 
8.22-8.26 (1H, m), 8.28 (1H, s). 

EXAMPLE 330 

5 

1- (6-Chloro-3-pyridinyl)-3,4,8,9-tetrahydro-6-m^ 

[1063] The title compound was obtained from 6-chloronicotinonitrile by the method similar to that in EXAMPLE 1 . 
Yield: 11%. 
10 Melting point: 140-141 °C (hexane). 

1 H NMR (CDCI3) 8 1 .25 (6H, s), 1 .36 (6H, s), 2.28 (2H, s), 2.70 (2H, s), 3.93 (3H, s), 6.63 (1 H, s), 7.38 (1 H, d, J = 7.8 
Hz), 7.74 (1 H, dd, J = 7.8, 2.2 Hz), 8.42 (1 H, d, J = 2.0 Hz). 

EXAMPLE 331 

15 

2- [2-Oxo-5-(3,4,8 ) 9-tetrahydro-6-methoxy-3,3,8 I 8-tetramethylfuro[2 I 3-h]isoquinolin-1-yl)-1(2H)-pyridinyl]- 
4-pyridinecarboxamide 

[1064] A solution of l-je-chloro-S-pyridinyO-S^.S^-tetrahydro-e-methoxy-S.S.B.S-tetramethylfurop.S-hlisoquinoline 
20 (1 .0 g, 2.7 mmol), 4-pyridinecarboxamide 1 -oxide (2.9 g, 21 mmol), 25% solution of hydrogen bromide/acetic acid (2.0 
mL) and acetic acid (6.0 mL) in toluene (1 0 mL) was heated under reflux for 30 hours. The reaction solution was cooled 
to room temperature, and then the reaction mixture was poured into water. After basifying by the addition of 8 M aqueous 
solution of sodium hydroxide, the organic material was extracted with ethyl acetate. The extract was washed with brine, 
dried over sodium sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue was 
25 purified by a column chromatography on a basic silica gel (chloroform/methanol 1 00:1 followed by 20:1) to obtain the 
title compound (0.46 g, yield: 48%). 
Amorphous. 

1 H NMR (CDCI3) 8 1.20 (6H, s), 1.46 (6H, s), 2.65 (2H, s), 2.88 (2H, s), 3.93 (3H, s), 6.03 (1 H, br), 6.62 (1H, s), 6.70 
(1H, d, J = 9.2 Hz), 7.04 (1H, br), 7.61 (1 H, dd, J = 9.2, 2.6 Hz), 7.79 (1H, d, J = 5.0 Hz), 8.08 (1H, d, J = 2.6 Hz), 8.28 
30 (1H,s), 8.65 (1H, d, J = 5.0 Hz). 

EXAMPLE 332 

1-(2-Pyridinyl)-5-(3 I 4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl) 

35 

[1065] The title compound was obtained from pyridine 1 -oxide by the method similar to that in EXAMPLE 331 . Yield: 
47%. 

Melting point: 203-204 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 8 1 .20 (6H, s), 1 .46 (6H, s), 2.65 (2H, s), 2.90 (2H, s), 3.93 (3H, s), 6.62 (1 H, s), 6.69 (1 H, d, J = 9.4 
40 Hz), 7.33 (1 H, td, J = 5.8, 1 .2 Hz), 7.57 (1 H, dd, J = 9.4, 2.6 Hz), 7.80-7.95 (2H, m), 8.06 (1 H, d, J = 2.2 Hz), 8.55 (1 H, 
d, J = 4.2 Hz). 

EXAMPLE 333 

45 1-(4-Methyl-2-quinolinyl)-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)- 
pyridinone 

[1066] The title compound was obtained from 4-methylquinoline 1 -oxide by the method similar to that in EXAMPLE 
331. Yield: 51%. 

so Melting point: 212-213 °C (ethyl acetate-hexane-diisopropyl ether). 

1 H NMR (CDCI3) 8 1 .21 (6H, s), 1 .52 (6H, s), 2.65 (2H, s), 2.76 (3H, s), 2.99 (2H, br s), 3.93 (3H, s), 6.62 (1 H, s), 6.74 
(1H, d, J = 8.8 Hz), 7.57-7.75 (4H, m), 8.00-8.09 (3H, m). 
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EXAMPLE 334 

1 - (3-Methyl-2-quinolinyl)-5-(3A^ 
pyridinone 

5 

[1 067] The title compound was obtained from 3-methylquinoline 1 -oxide by the method similar to that in EXAMPLE 
331 . Yield: 58%. 

Melting point: 212-213 °C (ethyl acetate-hexane-diisopropyl ether). 

1 H NMR (CDCI 3 ) 5 1.11 (3H, s), 1.30 (3H, s), 1.66 (6H, s), 2.42 (3H, s), 2.54-2.69 (2H, m), 2.73 (1H, d, J = 16.2 Hz), 
10 3.29 (1 H, br d, J = 1 6.2 Hz), 3.90 (3H, s), 6.58 (1 H, s), 6.74 (1 H, d, J = 9.4 Hz), 7.53-7.83 (5H, m), 7.99 (1 H, d, J = 8.0 
Hz), 8.10 (1H, s). 

EXAMPLE 335 

is 1-(7-Methyl-2-quinolinyl)-5-(3 l 4 ) 8,9-tetrahydro-6-methoxy-3,3,8 t 8-tetramethylfuro[2,3-h]isoquir^ 
pyridinone 

[1068] The title compound was obtained from 7-methylquinoline 1 -oxide by the method similar to that in EXAMPLE 
331. Yield: 6%. 
20 Melting point: 232-233 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .23 (6H, s), 1 .58 (6H, s), 2.56 (2H, s), 2.58 (3H, s), 3.01 (2H, s), 3.93 (3H, s), 6.71 (1 H, d, J = 9.4 
Hz), 6.93 (1 H, s), 7.44 (1 H, dd, J = 8.4, 1 .4 Hz), 7.72-7.88 (4H, m), 8.23 (1 H, d, J = 8.4 Hz), 8.31 (1 H, d, J = 1 .8 Hz). 

EXAMPLE 336 

25 

2- [2-Oxo-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridinyl]- 

4- pyridinecarboxylic acid ethyl ester dihydrochloride 

[1069] A free base of the title compound was obtained from 4-pyridinecarboxylic acid ethyl ester 1 -oxide by the 
30 method similar to that in EXAMPLE 331. This was dissolved in ethanol, combined with 3.3 M solution of hydrogen 
chloride/ethanol, and concentrated under reduced pressure to obtain the title compound. Yield: 36%. 
Amorphous. 

1 H NMR (CDCI3) 5 1 .20 (6H, s), 1 .42 (3H, t, J = 7.4 Hz), 1 .46 (6H, s), 2.65 (2H, s), 2.89 (2H, s), 3.93 (3H, s), 4.44 (2H, 
q, J = 7.4 Hz), 6.62 (1 H, s), 6.71 (1H, d, J = 9.3 Hz), 7.59 (1 H, dd, J = 9.3, 2.4 Hz), 7.89 (1 H, dd, J = 4.8, 1 .4 Hz), 8.04 
35 (1 H, d, J = 2.4 Hz), 8.47 (1 H, s), 8.67 (1 H, d, J = 4.8 Hz). 

EXAMPLE 337 

5- (3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)-pyridinone 

40 

[1 070] A solution of 1 -(6-chloro-3-pyridinyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylf uro[2,3-h]isoquinoline 
(4.0 g, 11 mmol) in 6 M hydrochloric acid (40 mL) was heated under reflux for 11.5 hours. The reaction solution was 
cooled to room temperature, basified by the addition of 8 M aqueous solution of sodium hydroxide, and then the organic 
material was extracted with ethyl acetate. The extract was washed with brine, dried over sodium sulfate, and then the 
^5 solvent was distilled off under reduced pressure. The resultant residue was crystallized from ethyl acetate-hexane- 
diisopropyl ether to obtain the title compound (3.6 g, yield: 94%). 
Melting point: 195-1 96 °C. 

1 H NMR (CDCI3) 5 1 .17 (6H, s), 1.38 (6H, s), 2.59 (2H, s), 2.61 (2H, s), 3.91 (3H, s), 6.31 (1H, br), 6.52 (1H, d, J = 9.3 
Hz), 6.58 (1H, s), 7.41 (1H, dd, J = 9.3, 2.2 Hz), 7.68 (1H, d, J = 2.2 Hz). 

50 

EXAMPLE 338 

1-Methyl-5-(3,4,8 l 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)-pyridinone 

55 [1071] A solution of 5-(3,4,8,9-tetrahydro-6-methoxy-3,3 ( 8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)-pyridi- 
none (1.0 g, 2.8 mmol) and sodium hydride (60% in oil, 0.35 g, 8.8 mmol) in N,N-dimethylformamide (10 mL) was 
stirred at room temperature for 1 5 minutes. lodomethane (2.0 mL, 32 mmol) was added to the reaction mixture at room 
temperature and the mixture was stirred at room temperature for 9 hours. The reaction solution was poured into water, 
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and basified by the addition of 1 M aqueous solution of sodium hydroxide, and then the organic material was extracted 
with ethyl acetate. The extract was washed with brine, dried over sodium sulfate, and then the solvent was distilled off 
under reduced pressure. The resultant residue was purified by a column chromatography on a basic silica gel (hexane/ 
chloroform/ethyl acetate 2:1 :1 followed by 1 :2:2) to obtain crude crystals. The resultant crude crystals were recrystal- 
5 lized from ethyl acetate-hexane-diisopropyl ether to obtain the title compound (0.52 g, yield: 50%). 
Melting point: 158-159 °C. 

1 H NMR (CDCI 3 ) 5 1 .20 (6H, s), 1 .41 (6H, s), 2.61 (2H, s), 2.65 (2H, s), 3.60 (3H, s), 3.93 (3H, s), 6.56 (1 H, d, J = 9.4 
Hz), 6.61 (1 H, s), 7.33 (1 H, dd, J = 9.4, 2.6 Hz), 7.59 (1 H, d, J = 2.6 Hz). 

10 EXAMPLE 339 

1-(3-Pyridinylmethyl)-5-(3,4,8,9-tetrahyd^ 
pyridinone 

*5 [1072] The title compound was obtained from 3-(chloromethyl)pyridine hydrochloride by the method similar to that 
in EXAMPLE 338. Yield: 38%. 
Melting point: 247-248 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .19 (6H, s), 1 .33 (6H, s), 2.47 (2H, s), 2.64 (2H, s), 3.91 (3H, s), 5.18 (2H, s), 6.60 (1 H, s), 6.65 
(1H, d, J = 9.4 Hz), 7.27-7.32 (1H, m), 7.42 (1H, dd, J = 9.4, 2.6 Hz), 7.51 (1H P d, J = 2.2 Hz), 7.77 (1H, dd, J = 7.6, 
20 1 .8 Hz), 8.57 (1 H, dd, J = 4.8, 1 .4 Hz), 8.64 (1 H, d, J = 2.2 Hz). 

EXAMPLE 340 

1-(4-Pyridinylmethyl)-5-(3,4 ) 8,9-tetrahydro-6-methoxy-3 p 3,8 l 8-tetramethylfuro[2,3-h]isoquinol^ 
25 pyridinone 

[1073] The title compound was obtained from 4-(chloromethyl)pyridine hydrochloride by the method similar to that 
in EXAMPLE 338. Yield: 63%. 

Melting point: 199-200 °C (ethyl acetate-diisopropyl ether). 
30 1H NMR (CDCI3) 5 1.19 (6H, s), 1.35 (6H, s), 2.52 (2H, s), 2.64 (2H, s), 3.92 (3H, s), 5.17 (2H, s), 6.61 (1H, s), 6.68 
(1H, d, J = 9.8 Hz), 7.21 (2H, d, J = 5.8 Hz), 7.45-7.48 (2H, m), 8.59 (2H, d, J = 5.8 Hz). 

EXAMPLE 341 

35 1-(2-Pyridinylmethyl)-5-(3,4,8,9-tetrahyd^ 
pyridinone 

[1074] The title compound was obtained from 2-(chloromethyl)pyridine hydrochloride by the method similar to that 
in EXAMPLE 338. Yield: 72%. 
40 Melting point: 1 91 -1 92 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1.20 (6H, s), 1.35 (6H, s), 2.57 (2H, s), 2.65 (2H, s), 3.92 (3H, s), 5.22 (2H, s), 6.60 (1H, s), 6.61 
(1H, d, J = 9.0 Hz), 7.17-7.27 (1H, m), 7.42 (1H, dd, J = 9.2, 2.2 Hz), 7.49 (1H, d, J = 7.6 Hz), 7.67 (1H, dd, J = 7.6, 
1 .8 Hz), 7.72 (1 H, d, J = 2.2 Hz), 8.52 (1 H, d, J = 4.8 Hz). 

45 EXAMPLE 342 

1-(2-Quinolinylmethyl)-5-(3,4,8,9-tetr^^ 
pyridinone 

50 [1 075] The title compound was obtained from 2-(chloromethyl)quinoline hydrochloride by the method similar to that 
in EXAMPLE 338. Yield: 54%. 

Melting point: 210-211 °C (ethyl acetate-diisopropyl ether). 

1 H NMR (CDCI3) 5 1 .19 (6H, s), 1.23 (6H, s), 2.53 (2H, s), 2.64 (2H, s), 3.91 (3H, s), 5.45 (2H, s), 6.59 (1H, s), 6.66 
(1 H, d, J = 9.6 Hz), 7.37-7.50 (1 H, m), 7.53-7.59 (2H, m), 7.65-7.73 (1 H, m), 7.75 (1 H, d, J = 2.2 Hz), 7.81 (1 H, d, J = 
55 8.0 Hz), 7.98 (1H, d, J = 8.6 Hz), 8.15 (1H, d, J = 8.8 Hz). 



201 



EP 1 270 577 A1 < £ 

EXAMPLEJ343 

1- (Phenylmethyl)-5-(3,4,8 f 9-tetrahydro-6-methoxy-3^ 

i 

5 [1076] The title compound was obtained from benzyl bromide by the method similar to that in EXAMPLE 338. Yield: 
38%. Melting point: 21 6-21 7 °C (ethyl acetate-hexane-diisopropyl ether). 

1 H NMR (CDCI 3 ) 81.18 (6H, s), 1 .30 (6H, s), 2.44 (2H, s), 2.63 (2H, s), 3.91 (3H, s), 5.17 (2H t br s), 6.58 (1 H, s), 6.66 
(1H, d, J = 9.8 Hz), 7.32 (5H, s), 7.38-7.43 (2H, m). 

10 EXAMPLE 344 

2- Oxo-5-(3 ( 4 ( 8,9-tetrahydro-6-methoxy-3 l 3,8 J 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridineacetamide 
hydrochloride 

'5 [1077] A solution of 5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8^ 

none (1.5 g, 4.3 mmol) and sodium hydride (60% in oil, 0.19 g, 4.8 mmol) in N,N-dimethylformamide (10 mL) was 
stirred at room temperature for 25 minutes. 2-Chloroacetamide (0.51 g, 5.5 mmol) was added to the reaction mixture 
at room temperature and the mixture was stirred at room temperature for 24 hours. The reaction solution was poured 
into water, basified by the addition of 1 M aqueous solution of sodium hydroxide, and then the organic material was 

20 extracted with ethyl acetate. The extract was washed with brine, dried over sodium sulfate, and then the solvent was 
distilled off under reduced pressure. The resultant residue was purified by a column chromatography on a basic silica 
gel (chloroform/methanol 50:1 followed by 20:1) to obtain crude crystals. 3.3 M solution of hydrogen chloride/ethanol 
(5.0 mL, 17 mmol) was added to the solution of the resultant crude crystals in ethanol (20 mL) and the mixture was 
stirred at room temperature for 1 0 minutes. The reaction solution was concentrated under reduced pressure to obtain 

25 the title compound (1 .3 g, yield: 59%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .34 (6H, s), 1 .40 (6H, s), 2.78 (2H, br), 3.08 (2H, s), 3.93 (3H, s), 4.60 (2H, br), 6.59 (1 H, d, J 
= 9.5 Hz), 7.06 (1 H, s), 7.73 (1 H, dd, J = 9.5, 2.4 Hz), 7.76 (1H, s), 8.27 (1 H, d, J = 2.4 Hz), 8.33 (1 H, s), 12.39 (1 H, br). 

30 EXAMPLE 345 

2-Oxo-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)-1 (2H)-pyridineacetic acid ethyl 
ester 

35 [1078] The title compound was obtained from ethyl bromoacetate by the method similar to that in Example 338. Yield: 
17%. Amorphous. 

1 H NMR (CDCI3) 8 1 .20 (6H, s), 1 .30 (3H, t, J = 7.4 Hz), 1 .42 (6H, s), 2.65 (2H, s), 2.73 (2H, s), 3.92 (3H, s), 4.25 (2H, 
q, J = 7.4 Hz), 4.68 (2H, br), 6.60-6.65 (2H, m), 7.42-7.47 (2H, m). 

40 EXAMPLE 346 

2-Oxo-N-(3-pyridinyl)-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)- 
pyridineacetamide 

45 [1079] A solution of 2-oxo-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-py- 
ridineacetic acid ethyl ester (1 .4 g, 3.2 mmol) and 3-aminopyridine (0.58 g, 6.2 mmol) in decalin (10 mL) was stirred 
at 200 °C for 1 7 hours under argon atmosphere. The reaction solution was combined with 2 M hydrochloric acid, and 
washed with chloroform. The aqueous solution was basified with 8 M aqueous solution of sodium hydroxide, and then 
the organic material was extracted with ethyl acetate. The extract was washed with brine, dried over sodium sulfate, 

50 and then the solvent was distilled off under reduced pressure. The resultant residue was purified by a column chro- 
matography on a basic silica gel (ethyl acetate/m ethanol 50:1 followed by 10:1) to obtain crude crystals. The resultant 
crude crystals were recrystallized from ethyl acetate-diisopropyl ether to obtain the title compound (0.20 g, yield: 13%). 
Melting point: 276-277 °C. 

1 H NMR (CDCI3) 5 1 .21 (6H, s), 1 .40 (6H, s), 2.66 (4H, s), 3.93 (3H, s), 4.78 (2H, br s), 6.62 (1 H, s), 6.71 (1 H, d, J = 
55 9.3 Hz), 7.18-7.27 (1H, m), 7.56 (1H, dd, J = 9.3, 2.6 Hz), 7.69 (1H, d, J = 2.2 Hz), 8.04-8.08 (1H, m), 8.33 (1H, dd, J 
= 4.6, 1.4 Hz), 8.63 (1H, d, J = 2.6 Hz), 9.65 (1H, s). 
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EXAMPLE 347 

N-(2-Hydroxyethyl)-2-oxo-5-(3,4,8,9-tetrahydro-6-met^^ 
pyridineacetamide ' 

5 

[1080] The title compound was obtained from 2-aminoethanol by the method similar to that in EXAMPLE 346. Yield: 
59%. 

Melting point: 133-134 °C (ethyl acetate-diisopropyl ether). 

1 H NMR (CDCI 3 ) 8 1.20 (6H, s), 1.42 (6H, s), 2.65 (2H, s), 2.68 (2H, s), 3.41 (2H, m), 3.69 (2H, t, J = 4.8 Hz), 3.92 
10 (3H, s), 4.64 (2H, s), 6.61 (1 H, s), 6.62 (1 H, d, J = 7.6 Hz), 7.37-7.48 (2H, m), 7.63 (1 H, d, J = 2.2 Hz). 

EXAMPLE 348 

2-Oxo-5-(3 I 4 l 8,9-tetrahydro-6-methoxy-3,3,8 ) 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridineacetic acid 
15 1 ( 1 -dimethylethyl ester 

[1081] The title compound was obtained from tert-butyl bromoacetate by the method similar to that in EXAMPLE 

338. Yield: 51%. 

Amorphous. 

20 1H NMR (CDCI3) 8 1.20 (6H, s), 1.42 (15H, s), 2.65 (2H, s), 2.72 (2H, s), 3.92 (3H, s), 4.65 (2H, br), 6.61-6.65 (2H, 
m), 7.40-7.48 (2H, m). 

EXAMPLE 349 

25 2-Oxo-5-(3 ( 4,8,9-tetrahydro-6-methoxy-3 I 3 ) 8 l 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridineacetic acid 
hydrochloride 

[1 082] A solution of 2-oxo-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2 l 3-h]isoquinolin-1 -yl)-1 (2H)-py- 
ridineacetic acid 1 ,1 -dimethylethyl ester (2.7 g, 5.8 mmol) in 6 M hydrochloric acid (30 mL) was heated under reflux 
30 for 1 hour. After cooling to room temperature, the reaction mixture was concentrated under reduced pressure. The 
resultant residue was crystallized from chloroform-diisopropyl ether to obtain the title compound (2.5 g, yield: 97%). 
Melting point: 231-233 °C (decomposition). 

1 H NMR (DMSO-d 6 ) 8 1.34 (6H, s), 1.39 (6H, s), 2.80 (2H, br), 3.08 (2H, s), 3.94 (3H, s), 4.71 (2H, s), 6.63 (1H, d, J 
= 9.6 Hz), 7.07 (1H, s), 7.76 (1H, dd, J = 9.6, 3.0 Hz), 8.33 (1 H, d, J = 3.0 Hz), 12.40 (1H, br). 

35 

EXAMPLE 350 

4-[[2-Oxo-5-(3,4,8 I 9-tetrahydro-6-methoxy-3,3,8,8-tetram 
benzoic acid methyl ester 

40 

[1 083] The title compound was obtained from methyl 4-(bromomethyl)benzoate by the method similar to that in EX- 
AMPLE 338. Yield: 62%. 
Amorphous. 

1 H NMR (CDCI3) 5 1 .1 8 (6H, s), 1 .32 (6H, s), 2.47 (2H, s), 2.63 (2H, s), 3.91 (6H, s), 5.22 (2H, br s), 6.60 (1 H, s), 6.67 
45 (1 H, d, J = 9.8 Hz), 7.37-7.46 (4H, m), 8.01 (2H, d, J = 8.4 Hz). 

EXAMPLE 351 

N-(2-Hydroxyethyl)-4-[[2-oxo-5-(3,4,8,9-te^^ 
so pyridinyl]methyl]benzamide hydrochloride 

[1 084] A solution of 4-[[2-oxo-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylf uro[2,3-h]isoquinolin-1 -yl)-1 (2H)- 
pyridinyl]methyl]benzoic acid methyl ester (1 .0 g, 2.0 mmol) and 2-aminoethanol (2.0 mL, 33 mmol) in xylene (10 mL) 
was heated under reflux for 4 hours. The reaction solution was cooled to room temperature, and the solvent was distilled 
55 off under reduced pressure. The residue was combined with water, and the mixture was made alkaline with 1 M aqueous 
solution of sodium hydroxide, and then the organic material was extracted with ethyl acetate. The extract was washed 
with brine and dried over sodium sulfate, and then the solvent was distilled off under reduced pressure. The resultant 
residue was purified by a column chromatography on a basic silica gel (ethyl acetate/methanol 50:1 followed by 20:1 ) 
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to obtain crude crystals. 3.3 M hydrogen chloride/ethanol solution (3.0 mL, 10 mmol) was added to a solution of the 
resultant crude crystals in ethanol (20 mL) and the mixture was stirred at room temperature for 1 0 minutes. The reaction 
solution was concentrated under reduced pressure, and the resultant residue was crystallized from chloroform-diiso- 
propyl ether to obtain the title compound (1.1 g, Yield: 96%). 
5 Melting point: 175-176 °C. 

1H NMR (DMSO-d 6 ) 5 1 .28 (6H. s), 1 .42 (6H. s), 2.66 (2H, s), 3.09 (2H, s), 3.30-3.40 (2H, m), 3.50 (2H, t, J = 5.6 Hz), 
3.93 (3H, s), 5.24 (2H, br), 6.62 (1H, d, J = 9.6 Hz), 7.07 (1H, s), 7.45 (2H, d, J = 8.0 Hz), 7.67 (1H, dd, J = 9.4, 2.2 
Hz), 7.88 (2H, d, J = 8.0 Hz), 8.51-8.57 (2H, m). 

10 EXAMPLE 352 

4-[[2-Oxo-5-(3 I 4,8 I 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinonn-1-yl)-1(2H)-pyridinyl]methyl] 
benzoic acid hydrochloride 

15 [1085] The title compound was obtained from 4-[[2-oxo-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro 
[2,3-h]isoquinolin-1-yl)-1(2H)-pyridinyl]methyl]benzoic acid methyl ester by the method similar to that in EXAMPLE 
349. Yield: 62%. 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.27 (6H, s), 1.42 (6H, s), 2.65 (2H, s), 3.09 (2H, s), 3.93 (3H, s), 5.30 (2H, br), 6.64 (1H, d, J 
20 = 9.6 Hz), 7.08 (1 H, s), 7.49 (2H, d, J = 8.4 Hz), 7.70 (1 H, dd, J = 9.6, 2.2 Hz), 7.93 (2H, d, J = 8.4 Hz), 8.58 (1 H, d, J 
= 2.2 Hz), 12.62 (1H, br). 

EXAMPLE 353 

25 4-[[2-Oxo-5-(3 l 4 ) 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridinyl]mem 
benzamide 

[1086] N.N-Dimethylformamide (0.1 mL) was added to a solution of 4-[[2-oxo-5-(3,4,8,9-tetrahydro-6-methoxy- 
3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridinyl]methyl]benzoic acid hydrochloride (1 .6 g, 3.1 mmol) and 

30 oxalyl chloride (0.75 mL, 8.6 mmol) in tetrahydrofuran (50 mL) at room temperature and the reaction mixture was stirred 
at room temperature for 1 hour. The reaction solution was concentrated under reduced pressure. 6.3 M ammonia/ 
ethanol solution (30 mL) was added to a solution of the resultant residue in tetrahydrofuran (50 mL) at room temperature, 
and the reaction mixture was stirred at room temperature for 1 hour. The reaction solution was concentrated under 
reduced pressure, and the residue was combined with water, and the organic material was extracted with chloroform. 

35 The extract was washed with brine and dried over sodium sulfate, and then the solvent was distilled off under reduced 
pressure. The resultant residue was purified by a column chromatography on a basic silica gel (chloroform/m ethanol 
50:1 followed by 20:1) to obtain crude crystals. The resultant crude crystals were recrystallized from ethyl acetate to 
obtain the title compound (0.44 g, Yield: 31%). 
Melting point: 262-266 °C. 

40 1H NMR (CDCl 3 ) 5 1.18 (6H, s), 1.33 (6H, s), 2.49 (2H, s), 2.63 (2H, s), 3.91 (3H, s), 5.21 (2H, s), 5.64 (1H, br), 6.08 
(1 H, br), 6.60 (1 H, s), 6.66 (1 H, d, J = 9.0 Hz), 7.39-7.47 (4H, m), 7.79 (2H, d, J = 8.0 Hz). 

EXAMPLE 354 

45 N-Methyl-4-[[2-oxo-5-(3,4,8 ) 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridinyO 
methyl]benzamide 

[1087] The title compound was obtained from a 40% methylamine/methanol solution by the method similar to that 
in EXAMPLE 353. Yield: 41%. 
50 Amorphous. 

1 H NMR (CDCI3) 8 1.18 (6H, s), 1.33 (6H, s), 2.49 (2H, s), 2.63 (2H, s), 3.00 (3H, d, J = 5.2 Hz), 3.91 (3H, s), 5.20 
(2H, br), 6.18 (1H, br), 6.59 (1H, s), 6.65 (1H, d, J = 10 Hz), 7.36-7.46 (4H, m), 7.73 (2H, d, J = 8.0 Hz). 
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EXAMPLE 355 

4-[[2-Oxo-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetra^ 
propylbenzamide 

[1088] The title compound was obtained from propylamine by the method similar to EXAMPLE 353. Yield: 57%. 
Melting point: 193-195 °C (ethyl acetate-hexane-diisopropyl ether). 

1 H NMR (CDCI 3 ) 8 0.97 (3H, t, J = 7.2 Hz), 1.18 (6H, s), 1.33 (6H, s), 1.55-1.65 (2H, m), 2.48 (2H, s), 2.63 (2H, s), 
3.41 (2H, q, J = 7.2 Hz), 3.91 (3H, s), 5.20 (2H, s), 6.12 (1H, br), 6.59 (1H, s), 6.65 (1H, d, J = 9.0 Hz), 7.37-7.45 (4H, 
m), 7.73 (2H,d, J = 8.0 Hz). 

EXAMPLE 356 

S^.S.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-^methylthioJphenyllfurop.S-hlisoquinoline hydrochloride 

[1089] A solution of 4-(methylthio)benzonitrile (0.776 g, 5.20 mmol) in toluene (5 mL) and acetic acid (5 mL) was 
treated dropwise with cone, sulfuric acid (0.5 mL) with cooling in ice. The ice bath was removed, and a solution of 
2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran (0.929 g, 4.00 mmol) in toluene (5 mL) was 
added and the mixture was stirred at 80 °C for 1 hour. The reaction mixture was combined with ice, and the aqueous 
layer was neutralized with coric. aqueous ammonia and extracted twice with ethyl acetate. The combined organic layer 
was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The 
residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1) to obtain a free base of 
the title compound. This was combined with 2.8 M hydrogen chloride/ethanol solution (7.4 mL) and the mixture was 
concentrated under reduced pressure. The residue was crystallized from diethyl ether, and recrystallized from ethyl 
acetate to obtain the title compound (0.72 g, Yield: 43%). 
Melting point: 137-140 °C. 

1 H NMR (CDC! 3 ) 8 1.37 (6H, s), 1.67 (6H, s), 2.39 (2H, s), 2.55 (3H, s), 3.00 (2H, s), 4.02 (3H, s), 6.74 (1H, s), 7.36 
(2H, d, J = 8.2 Hz), 7.68 (2H, d, J = 8.2 Hz). 

EXAMPLE 357 

1-(2,3-Dihydro-5-benzofuranyl)-3,4,8,9-tetrahydro-6-methoxy-3 l 3,8 ) 8-tetramethylfuro[2,3-h]isoquinoline 
hydrochloride 

[1090] The title compound was obtained from 2,3-dihydro-5-benzofurancarbonitrile by the method similar to that in 

EXAMPLE 356. Yield: 51%. 

Melting point: 144-148 °C (ethyl acetate). 

1 H NMR (CDCI3) 8 1 .39 (6H, s), 1 .65 (6H, s), 2.45 (2H, s), 2.98 (2H, s), 3.36 (2H, t, J = 8.8 Hz), 4.01 (3H, s), 4.72 (2H, 
t, J = 8.8 Hz), 6.73 (1 H, s), 6.86 (1 H, d, J = 8.4 Hz), 7.32 (1 H, dd, J = 8.4, 1 .8 Hz), 7.93 (1 H, d, J = 1 .8 Hz). 

EXAMPLE 358 

l-tl.S-Benzodioxol-S-yO-S^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoquinoline hydrochloride 

[1091] The title compound was obtained from 1 ,3-benzodioxol-5-carbonitrile by the method similar to that in EXAM- 
PLE 356. Yield: 44%. 
Melting point: 156-160 °C (ethyl acetate). 

1 H NMR (CDCI3) 8 1.39 (6H, s), 1.65 (6H, s), 2.45 (2H, s), 2.99 (2H, s), 4.01 (3H, s), 6.11 (2H, s), 6.73 (1H, s), 6.97 
(1H, d, J = 8.0 Hz), 7.17 (1H, br s), 7.27-7.29 (1H, m). 

EXAMPLE 359 

N.N-Dimethyl^-JS^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^^-hJisoquinolin-l-ylJbenzenamine 
hydrochloride 

[1092] The title compound was obtained from 4-(dimethylamino)benzonitrile by the method similar to that in EXAM- 
PLE 356. Yield: 24%. 

Melting point: 165-168 °C (ethyl acetate-ethanol). 
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1 H NMR (CDCI 3 ) 5 1 .40 (6H, s), 1 .62 (6H, s), 2.58 (2H, s), 2.94 (2H, s), 3.10 (6H, s), 4.01 (3H, s), 6.73 (1H, s), 6.75 
(2H, d, J = 9.0 Hz), 7.77 (2H, d, J = 9.0 Hz). 

EXAMPLE 360 

l-WSAS.g-Tetrahydro-e-methoxy^ hydrochloride 

[1093] The title compound was obtained from 4-acetylbenzonitrile by the method similar to that in EXAMPLE 356. 
Yield: 29%. 

Melting point: 167-170 °C (ethyl acetate-ethanol). 

1 H NMR (CDCI3) 5 1.34 (6H, s), 1 .71 (6H, s), 2.21 (2H, s), 2.69 (3H, s), 3.06 (2H, s), 4.03 (3H, s), 6.77 (1H, s), 7.80 
(2H, d, J = 8.2 Hz), 8.14 (2H, d, J = 8.2 Hz). 

EXAMPLE 361 

3,4,8 > 9-Tetrahydro-6-methoxy-3 ( 3,8 l 8-tetramethyl-1-(2-thienyl)furo[2,3-h]isoquinoline hydrochloride 

[1094] Title compound was obtained from 2-thiophenecarbonitrile by the method similar to that in EXAMPLE 356. 
Yield: 30%. 

Melting point: 154-156 °C (ethyl acetate-ethanol). 

*H NMR (CDCI3) 5 1 .41 (6H, s), 1 .66 (6H, s), 2.59 (2H, s), 3.00 (2H, s), 4.02 (3H, s), 6.75 (1 H, s), 7.29 (1 H, br s), 7.82 
(1H, d, J = 4.6 Hz), 8.05 (1H, brs). 

EXAMPLE 362 

S^.S.g-Tetrahydro-e-methoxy-S.S.B.S-tetramethyl-l-^^trifluoromethyOphenyllfurop.S-hJisoquinoline hydrochloride 

[1095] The title compound was obtained from 4-(trifluoromethyl)benzonitrile by the method similar to that in EXAM- 
PLE 356. Yield: 53%. 
Melting point: 149-151 °C (ethyl acetate). 

1 H NMR (CDCI3) 5 1.35 (6H, s), 1 .71 (6H, s), 2.19 (2H, s), 3.05 (2H, s), 4.03 (3H, s), 6.77 (1H, s), 7.84 (4H, s). 
EXAMPLE 363 

1-(2,3-Dihydro-7-methoxy-2,2-dimethyl^ 
isoquinoline hydrochloride 

[1096] The title compound was obtained from 2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofurancarbonitrile by the 
method similar to that in EXAMPLE 356. Yield: 38%. 
Melting point: 141-143 °C (diethyl ether-ethyl acetate). 

1 H NMR (CDCI3) 5 1 .40 (6H, s), 1 .56 (6H, s), 1 .66 (6H, s), 2.50 (2H, s), 2.97 (2H, s), 3.08 (2H, s), 4.02 (3H, s), 4.06 
(3H, 8), 6.74 (1H, s), 7.12 (1H, brs), 7.46 (1H, brs). 

EXAMPLE 364 

Bis[3,4,8,9-tetrahydro-6-methoxy-3,3,8 ) 8-tetramethyl-1-[4-(phenylthio)phenyl]furo[2 l 3-h]isoquinoline] trihydrochloride 

[1097] The title compound was obtained from 4-(phenylthio)benzonitrile by the method similar to that in EXAMPLE 
356. Yield: 48%. 

Melting point: 130-132 °C (diethyl ether-ethyl acetate). 

1 H NMR (CDCI3) 5 1 .37 (6H, s), 1 .67 (6H, s), 2.35 (2H, s), 3.00 (2H, s), 4.01 (3H ? s), 6,74 (1 H, s), 7.27-7.63 (9H, m). 
EXAMPLE 365 

3 l 4 ) 8 l 9-Tetrahydro-6-methoxy-3 l 3,8 l 8-tetramethyl-1-[4-(1-methylethyl)phenyl]furo[2,3-h]isoquinoline hydrochloride 

[1 098] The title compound was obtained from 4-(1 -methylethyl)benzonitrile by the method similar to that in EXAMPLE 
356. Yield: 37%. 
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Melting point: 169-171 °C (ethyl acetate). 

1 H NMR (CDCI 3 ) 5 1 .31 (6H, d, J = 6.8 Hz), 1 .35 (6H, s), 1 .69 (6H, s), 2.29 (2H, s), 2.95-3.08 (1 H, m), 3.01 (2H, s), 
4.02 (3H, s), 6.75 (1H, s), 7.42 (2H, d, J = 8.4 Hz), 7.69 (2H, d, J = 8.4 Hz). 

5 EXAMPLE 366 

SAS^Tetrahydro-e-methoxy-S.S.S^-tetra^ hydrochloride 

[1099] The title compound was obtained from 5-methyl-2-thiophenecarbonitrile by the method similar to that in EX- 
10 AMPLE 356. Yield: 12%. 

Melting point: 177-179 °C (ethyl acetate). 

1H NMR (CDCI3) 8 1.39 (6H, s), 1.69 (6H, s), 2.30 (3H, s), 2.32 (2H, s), 3.02 (2H, s), 4.02 (3H, s), 6.73 (1H, s), 7.01 
(1H, d, J = 4.8 Hz), 7.60 (1H, d, J = 4.8 Hz). 

15 EXAMPLE 367 

S^.e.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-^-^rifluoromethoxyJphenyllfurop.S-hlisoquinoline hydrochloride 

[1100] The title compound was obtained from 4-(trifluoromethoxy)benzonitrile by the method similar to that in EX- 
20 AMPLE 356. Yield: 27%. 

Melting point: 163-166 °C (ethyl acetate). 

1 H NMR (CDCI3) 8 1 .36 (6H, s), 1 .70 (6H, s), 2.25 (2H, s), 3.04 (2H, s), 4.03 (3H, s), 6.76 (1 H, s), 7.41 (2H, d, J = 8.4 
Hz), 7.81 (2H,d, J = 8.4 Hz). 

25 EXAMPLE 368 

2-Methoxy-4-(3 ) 4,8 ) 9-tetrahydro-6-methoxy-3,3 I 8 l 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenol 

[1101] A solution of 4-hydroxy-3-methoxybenzonitrile (0.895 g, 6.00 mmol) in toluene (5 mL) and acetic acid (5 mL) 
30 was treated dropwise with cone, sulfuric acid (0.6 mL) with cooling in ice. The ice bath was removed, and a solution 
of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran (1 .16 g, 5.00 mmol) in toluene (5 mL) was 
added and stirred at 80 °C for 1 hour. The reaction mixture was combined with ice, and the aqueous layer was neu- 
tralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed 
with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was 
35 subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1 followed by ethyl acetate) and recrys- 
tallized from ethyl acetate-hexane to obtain the title compound (0.92 g, Yield: 48%). 
Melting point: 143-145 °C. 

1 H NMR (CDCI3) 8 1 .24 (6H, s), 1 .33 (6H, s), 2.32 (2H, s), 2.55 (1 H, br s), 2.68 (2H, s), 3.89 (3H, s), 3.92 (3H, s), 6.61 
(1H,s), 6.86-6.92 (3H, m). 

40 

EXAMPLE 369 

^(S.S-Dichloro^-pyridinyO-S^.B^-tetrahydro-e-methoxy-S.S.e.S-tetramethylfurop.S-hlisoquinoline 

^5 [1102] The title compound was obtained from 3,5-dichloro-4-pyridinecarbonitrile by the method similar to that in 
EXAMPLE 368. Yield: 23%. 
Melting point: 147-148 °C (hexane). 

1H NMR (CDCI3) 8 1.34 (6H, s), 1.35 (6H, s), 2.19 (2H, s), 2.78 (2H, s), 3.92 (3H, s), 6.63 (1H, s), 8.56 (2H, s). 
50 EXAMPLE 370 

1-(2-Furanyl)-3,4,8,9-tetrahydro-6-methoxy-3,3 ) 8 ) 8-tetramethylfuro[2,3-h]isoquinoline 

[1 1 03] The title compound was obtained from 2-f uronitrile by the method similar to that in EXAM PLE 368. Yield: 25%. 
55 Melting point: 125-127 °C (hexane). 

1 H NMR (CDCI3) 8 1.23 (6H, s), 1.41 (6H, s), 2.51 (2H, s), 2.66 (2H, s), 3.92 (3H, s), 6.49 (1H, dd, J = 3.4, 1.8 Hz), 
6.58 (1 H, s), 6.66 (1 H, d, J = 3.4 Hz), 7.48 (1 H, d, J = 1 .8 Hz). 
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EXAMPLE 371 

2-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetrameth^ 

[1104] The title compound was obtained from 2-cyanophenyl acetate by the method similar to that in EXAMPLE 368. 
Yield: 19%. 

Melting point: 186-189 °C (ethyl acetate-hexane). 

1 H NMR (CDCl 3 ) 5 1 .22 (6H, s), 1 .42 (6H, s), 2.64 (2H, s), 2.74 (2H, s), 3.94 (3H, s), 6.64 (1 H, s), 6.75-6.84 (1 H, m), 
6.98-7.03 (1H, m), 7.24-7.32 (2H, m). 

EXAMPLE 372 

S^.S.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-tS-thienylJfuroP.S-hJisoquinoline 

[1105] The title compound was obtained from 3-thiophenecarbonitrile by the method similar to that in EXAMPLE 
368. Yield: 45%. 

Melting point: 119-122 °C (hexane). 

1 H NMR (CDCI 3 )6 1.23 (6H, s), 1.35 (6H, s), 2.36 (2H, s), 2.67 (2H, s), 3.92 (3H, s), 6.60 (1H, s), 7.11 (1H, dd, J = 
5.0, 1.2 Hz), 7.30-7.39 (2H, m). 

EXAMPLE 373 

3 p 4,8,9-Tetrahydro-6-methoxy-3 l 3,8 > 8-tetramethyl-1-(3-methyl-2-thienyl)furo[2,3-h]isoquinoline 

[1 1 06] The title compound was obtained from 3-methyl-2-thiophenecarbonitrile by the method similar to that in EX- 
AMPLE 368. Yield: 23%. 

Melting point: 195-197 °C (hexane-ethyl acetate). 

*H NMR (CDCI3) 5 1.19 (6H, s), 1 .40 (6H, s), 2.50 (3H, d, J = 0.8 Hz), 2.63 (2H, s), 2.67 (2H, s), 3.92 (3H, s), 6.59 
(1H, 8), 6.67-6.69 (1H, m), 6.84 (1H, d, J = 3.6 Hz). 

EXAMPLE 374 

1-(2-Chloro-3-pyridinyl)-3 ) 4,8,9-tetrahydro-6-methoxy-3 I 3,8,8-tetramethylfuro[2,3-h]isoquinoline 

[1 1 07] The title compound was obtained from 2-chloro-3-pyridinecarbonitrile by the method similar to that in EXAM- 
PLE 368. Yield: 29%. 

Melting point: 159-160 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 8 1 .21 (3H, s), 1 .30 (3H, s), 1 .36 (3H, s), 1 .39 (3H, s), 2.03 (1 H, d, J = 1 5.8 Hz), 2.25 (1 H, d, J = 1 5.8 
Hz), 2.70 (1H, d, J = 15.8 Hz), 2.81 (1H, d, J = 15.8 Hz), 3.92 (3H, s), 6.62 (1H, s), 7.34 (1H, dd, J = 7.2, 4.8 Hz), 7.69 
(1 H, dd, J = 7.2, 1 .8 Hz), 8.46 (1 H, dd, J = 4.8, 1 .8 Hz). 

EXAMPLE 375 

1-(2,6-Dichloro-4-methyl-3-pyridinyl)-3,4,8 l 9-tetrahydro-6-methoxy-3 l 3 l 8,8-tetramethylfuro[2,3-h]isoquinoline 

[1108] The title compound was obtained from 2,6-dichloro-4-methyl-3-pyridinecarbonitrile by the method similar to 

that in EXAMPLE 368. Yield: 25%. 

Melting point: 97-101 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1.32 (3H, s), 1.33 (3H, s), 1.34 (3H, s), 1.37 (3H, s), 2.02 (1H, d, J= 15.8 Hz), 2.19 (3H, s), 2.32 
(1H, d, J = 15.8 Hz), 2.74 (1H, d, J = 15.8 Hz), 2.79 (1H, d, J = 15.8 Hz), 3.92 (3H, s), 6.62 (1H, s), 7.20 (1H, s). 

EXAMPLE 376 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-pyrazinylfurot2,3-h]isoquinoline 

[1109] The title compound was obtained from pyrazinecarbonitrile by the method similar to that in EXAMPLE 368. 
Yield: 6%. 

Melting point: 154-155 °C (ethyl acetate-hexane). 
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1 H NMR (CDCI 3 ) 5 1.30 (6H, s), 1.34 (6H, s), 2.17 (2H, s), 2.74 (2H, s), 3.92 (3H, s), 6.62 (1H, s), 8.57 (1H, dd, J = 
2.6, 1 .6 Hz), 8.64 (1 H, d, J = 2.6 Hz), 8.87 (1 H, d, J = 1 .6 Hz). 

EXAMPLE 377 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,84etramethyl-1-(4-nitrophenyl)furo[2 l 3-h]isoquinoline 

[1110] The title compound was obtained from 4-nitrobenzonitrile by the method similar to that in EXAMPLE 368. 
Yield: 42%. 

Melting point: 152-153 °C (ethyl acetate-hexane). 

1H NMR (CDCI3) 8 1.26 (6H, s), 1.33 (6H, s), 2.19 (2H, s), 2.71 (2H, 8), 3.93 (3H, s), 6.64 (1H, s), 7.60 (2H, ddd, J = 
8.6, 2.2, 1 .8 Hz), 8.27 (2H, ddd, J = 8.6, 2.2, 1 .8 Hz). 

EXAMPLE 378 

SAB.QTetrahydro-e-methoxy-S.a.B.S^etra 

[1111] The title compound was obtained from 4-(methylsulf inyl)benzonitrile by the method similar to that in EXAM PLE 
368. Yield: 26%. 

Melting point: 120-121 °C (ethyl acetate-hexane). 

1H NMR (CDCI3) 5 1.26 (6H, s), 1.32 (6H, s), 2.19 (2H, s), 2.70 (2H, s), 2.72 (3H, s), 3.93 (3H, s), 6.63 (1H, s), 7.58 
(2H, d, J - 8.4 Hz), 7.70 (2H, d, J = 8.4 Hz). 

EXAMPLE 379 

3,4,8,9-Tetrahydro-6-methoxy-3 l 3,8,8-tetramethyl-1-[4-(methylsulfonyl)phenyl]furo[2,3-h]isoquinoline 

[1112] The title compound was obtained from 4-(methylsulfonyl)benzonitrtle by the method similar to that in EXAM- 
PLE 368. Yield: 52%. 

Melting point: 189-190 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .33 (6H, s), 2.18 (2H, s), 2.71 (2H, s), 3.04 (3H, s), 3.93 (3H, s), 6.63 (1H, s), 7.63 
(2H, d, J = 8.4 Hz), 7.99 (2H, d, J = 8.4 Hz). 

EXAMPLE 380 

I^S-FuranyO-S^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoquinoline 

[1113] The title compound was obtained from 3-furonitrile by the method similar to that in EXAM PLE 368. Yield: 31 %. 
Melting point: 130-131 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1.21 (6H, s), 1.40 (6H, s), 2.65 (4H, s), 3.92 (3H, s), 6.46 (1H, dd, J = 1.8, 0.8 Hz), 6.59 (1H, s), 
7.44 (1 H, dd, J = 1 .8, 1 .4 Hz), 7.59 (1 H, dd, J = 1 .4, 0.8 Hz). 

EXAMPLE 381 

S^.B.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-tS^.S-trimethoxyphenyOfurop.S-hlisoquinoline 

[1114] The title compound was obtained from 3,4,5-trimethoxybenzonitrile by the method similar to that in EXAMPLE 
368. Yield: 45%. 

Melting point: 186-188 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 6 1 .25 (6H, s), 1 .34 (6H, s), 2.34 (2H, s), 2.69 (2H, s), 3.84 (3H, s), 3.86 (6H, s), 3.93 (3H, s), 6.61 -6.62 
(3H, m). 

EXAMPLE 382 

1-[2,2'-Bipyridin)-6-yl-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqu 
pyridinone 

[1115] A solution of 1-[2,2'-bipyridin]-6-yl-1 ,6-dihydro-6-oxo-3-pyridinecarbonitrile (2.06 g, 7.51 mmol) in toluene (10 
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ml_) was treated dropwise with cone, sulfuric acid (10 ml_) with cooling in ice. A solution of 2,3-dihydro-7-methoxy- 
2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran (1 .45 g, 6.26 mmol) in toluene (10 m!_) was added dropwise and the 
mixture was stirred at 0 °C for 10 minutes. The reaction mixture was combined with ice, and the aqueous layer was 
neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate. The combined organic layer was 
5 washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a silica gel (1% methanol/ethyl acetate followed by 5%), recrystallized 
from ethyl acetate- hexane to obtain the title compound (0.43 g, Yield: 17%). 
Melting point: 231-234 °C. 

1H NMR (CDCI 3 ) 5 1.22 (6H, s), 1.42 (6H, s), 2.66 (2H, s), 2.89 (2H, s), 3.94 (3H, s), 6.62 (1H, s), 6.76 (1H, dd, J = 
10 9.2, 0.6 Hz), 7.32 (1H, ddd, J = 7.2, 4.8, 1.0 Hz), 7.62 (1H, dd, J = 9.2, 2.6 Hz), 7.80 (1H, ddd, J = 8.0, 7.2, 1.0 Hz), 
7.91-8.02 (2H, m), 8.09 (1H, dd, J = 2.6, 0.6 Hz), 8.28 (1H, dt, J = 8.0, 1.0 Hz), 8.44 (1H, dd, J = 6.6, 2.2 Hz), 8.68 
(1H, ddd, J = 4.8, 1.8, 1.0 Hz). 

EXAMPLE 383 

15 

l-fS-Methyl^-quinolinyO-S-^Ae.g-te^ 
pyridinone 

[1116] The title compound was obtained from 1 ,6-dihydro-1 -(8-methyl-2-quinolinyl)-6-oxo-3-pyridinecarbonitrile by 
20 the method similar to that in EXAMPLE 382. Yield: 29%. 
Melting point: 182-183 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 8 1 .22 (6H, s), 1 .45 (6H, s), 2.66 (2H, s), 2.74 (3H, s), 2.88 (2H, s), 3.93 (3H, s), 6.62 (1 H, s), 6.74 
(1 H, dd, J = 9.2, 0.8 Hz), 7.47 (1 H, dd, J = 7.6, 7.0 Hz), 7.56-7.62 (2H, m), 7.71 (1 H, d, J = 7.6 Hz), 7.92 (1 H, d, J = 
8.8 Hz), 8.1 4 (1 H, dd, J = 2.6, 0.8 Hz), 8.23 (1 H, d, J = 8.8 Hz). 

25 

EXAMPLE 384 

1-(4-Methyl-2-pyridinyl)-5-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)- 
pyridinone 

30 

[1117] A solution of 1 ,6-dihydro-1 -(4-methyl-2-pyridinyl)-6-oxo-3-pyridinecarbonitrile (3.22 g, 1 5.2 mmol) in toluene 
(1 0 mL) was treated dropwise with cone, sulfuric acid (1 0 mL) with cooling in ice. A solution of 2,3-dihydro-7-methoxy- 
2,2-dimethyl-5-(2-methyl-1 -propenyl)benzof uran (2.72 g, 1 1 .7 mmol) in toluene (10 mL) was added dropwise, and the 
mixture was stirred at room temperature for 30 minutes. The reaction mixture was combined with ice, and the aqueous 

35 layer was neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic 
layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a silica gel (1% methanol/ethyl acetate followed by 5%) 
and further to a column chromatography on a basic silica gel (hexane/ethyl acetate 1:1), recrystallized from ethyl 
acetate-hexane to obtain the title compound (1 .00 g, Yield: 19%). 

40 Melting point: 161-162 °C. 

1 H NMR (CDCI3) 5 1.19 (6H, s), 1 .45 (6H, s), 2.44 (3H, s), 2.64 (2H, s), 2.89 (2H, s), 3.92 (3H, s), 6.60 (1H, s), 6.68 
(1 H, d, J = 9.6 Hz), 7.13 (1 H, ddd, J = 5.2, 1 .6, 0.8 Hz), 7.55 (1 H, dd, J = 9.6, 2.6 Hz), 7.70 (1 H, d, J = 1 .6 Hz), 8.00 
(1 H, d, J = 2.6 Hz), 8.38 (1 H, d, J = 5.2 Hz). 

45 EXAMPLE 385 

4-(3,4,8,9-Tetrahydro-6-methoxy-3,3 ( 8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)pyridine 1 -oxide 

[1118] A solution of 4-cyanopyridine 1 -oxide (1 .26 g, 10.0 mmol) in toluene (5 mL) was treated dropwise with cone. 

50 sulfuric acid (5 mL) with cooling in ice. A solution of 2,3-dihydro-7-methoxy-2,2-dimethyl-5-(2-methyl-1 -propenyl)ben- 
zofuran (1 .63 g, 7.00 mmol) in toluene (5 mL) was added dropwise, and the mixture was stirred at 0 °C for 30 minutes 
and then at 80 °C for 30 minutes. The reaction mixture was combined with ice, and the aqueous layer was neutralized 
with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed with 
water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was sub- 

55 jected to a column chromatography on a basic silica gel (ethyl acetate) and recrystallized from ethyl acetate-hexane 
to obtain the title compound (1 .33 g, Yield: 54%). 
Melting point: 197-199 °C. 

1 H NMR (CDCI3) 5 1 .23 (6H, s), 1 .39 <6H, s), 2.41 (2H, s), 2.68 (2H, s), 3.94 (3H, s), 6.64 (1 H, s), 7.38 (2H, d, J = 7.0 
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Hz), 8.25 (2H, d, J = 7.0 Hz). 

EXAMPLE 386 

5 4-Methyl-1-[4-(3,4,8,94e^ 
quinolinone 

[1119] 25% hydrogen bromide/acetic acid solution (4 mL) was added to a solution of 4-(3,4,8,9-tetrahydro-6-meth- 
oxy-S^.e.S-tetramethylfuro^.S-hlisoquinolin-l-yOpyridine 1 -oxide (3.52 g, 10.0 mmol) and2-chloro-4-methylquinoline 

10 (3.55 g, 20.0 mmol) in xylene (30 mL) and acetic acid (6 mL) and the mixture was heated under reflux for 4 hours. The 
reaction mixture was combined with ice water, and the aqueous layer was neutralized with cone, aqueous ammonia, 
and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium 
sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (hexane/ethyl acetate 2:1) and recrystallized from ethyl acetate to obtain the title compound (2.46 

15 g, Yield: 50%). 

Melting point: 218-219 °C. 

1 H NMR (CDCl 3 ) 5 1 .26 (6H, s), 1 .40 (6H, s), 2.51 (3H, d, J = 1 .0 Hz), 2.57 (2H, br s), 2.68 (2H, s), 3.91 (3H, s), 6.59 
(1 H, s), 6.61 (1 H, d, J = 1 .0 Hz), 6.64 (1 H. dd, J = 8.4, 1 .2 Hz), 7.1 7-7.25 (1 H, m), 7.29-7.38 (2H, m), 7.61 (1 H, dd, J 
= 5.2, 1 .6 Hz), 7.70 (1 H, dd, J = 8.0, 1 .4 Hz), 8.82 (1 H, dd, J = 5.2, 0.8 Hz). 

20 

EXAMPLE 387 

1-[4-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2-pyri 

25 [1120] 25% hydrogen bromide/acetic acid solution (6 mL) was added to a solution of 4-(3,4,8,9-tetrahydro-6-meth- 
oxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)pyridine 1 -oxide (5.00 g, 14.2 mmol) and 2-chloropyridine (16.1 g, 
1 42 mmol) in xylene (45 mL) and acetic acid (9 mL) and the mixture was heated under reflux for 8 hours. The reaction 
mixture was combined with ice water, and the aqueous layer was neutralized with cone, aqueous ammonia, and ex- 
tracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium 

30 sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a silica gel (ethyl acetate) followed by a column chromatography on a basic silica gel (hexane/ethyl acetate 1:1), 
and recrystallized from ethyl acetate to obtain the title compound (1 .55 g, Yield: 25%). 
Melting point: 223-224 °C. 

1 H NMR (CDCI3) 5 1 .25 (6H, s), 1 .38 (6H, s), 2.54 (2H, br s), 2.69 (2H, s), 3.92 (3H, s), 6.24-6.32 (1 H, m), 6.61 (1 H, 
35 s), 6.61 (1 H, ddd, J = 9.2, 1 .4, 0.8 Hz), 7.34-7.43 (2H, m), 7.78 (1 H, ddd, J = 6.8, 2.2, 0.8 Hz), 7.93 (1 H, dd, J = 1 .4, 
0.6 Hz), 8.61 (1 H, dd, J = 5.0, 0.6 Hz). 

EXAMPLE 388 

40 4-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)-pyridinone 

[1121] A solution of 4-(3,4,8 I 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)pyridine 1-oxide 
(0.90 g, 2.55 mmol) in acetic anhydride (5 mL) was heated under reflux for 20 hours. The reaction mixture was dissolved 
in methanol (100 mL), cone, aqueous ammonia (20 mL) was added thereto and the mixture was stirred at room tem- 

^5 perature for 30 minutes. The reaction solvent was concentrated and distilled off under reduced pressure, and the 
residue was combined with water. The organic material was extracted with chloroform, and the extract was washed 
with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a basic silica gel (chloroform followed by 2% methanol/chloroform), and recrystallized 
from ethyl acetate-hexane to obtain the title compound (0.52 g, Yield: 58%). 

50 Melting point: 232-233 °C. 

1 H NMR (CDCI3) 5 1.24 (6H, s), 1.40 (6H, s), 2.63 (2H, s), 2.69 (2H, s), 3.92 (3H, s), 6.35 (1H, dd, J = 6.6, 1.4 Hz), 
6.60 (1 H, d, J = 1 .4 Hz), 6.61 (1 H, s), 7.43 (1 H, d, J = 6.6 Hz), 11 .42 (1 H, br s). 
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EXAMPLE 389 

1 -(4-Pyridinylmethyl)-4^ 
pyridinone 

[1 1 22] Sodium hydride (60% dispersion in oil) (0.360 g, 9.00 mmol) was added to a suspension of 4-(3,4,8,9-tetrahy- 
dro-6-methoxy-3 ) 3 I 8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)-pyridinone (1.06 g, 3.00 mmol) in N.N-dimethyl- 
formamide (15 ml_) with cooling in ice and the mixture was stirred at room temperature for 30 minutes. 4-(Chloromethyl) 
pyridine hydrochloride (0.738 g, 4.50 mmol) was added to the mixture and the mixture was stirred at room temperature 
further for 1 hour. The reaction solvent was concentrated and distilled off under reduced pressure and the residue was 
combined with water. The organic material was extracted with ethyl acetate, washed with brine, dried over sodium 
sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (hexane/ethyl acetate 1 :1 followed by ethyl acetate), and recrystallized from ethyl acetate-hexane 
to obtain the title compound (0.41 g, Yield: 31%). 
Melting point: 171-172°C. 

1 H NMR (CDCI 3 ) 5 1 .24 (6H, s), 1 .40 (6H, s), 2.65 (2H, s), 2.67 (2H, s), 3.92 (3H, s), 5.18 (2H, br s), 6.28 (1 H, dd, J = 
7.0, 1 .8 Hz), 6.61 (1 H, s), 6.65 (1 H, d, J = 1 .8 Hz), 7.1 8 (2H, d, J = 6.0 Hz), 7.32 (1 H, d, J = 7.0 Hz), 8.58 (2H, d, J = 6.0 Hz). 

EXAMPLE 390 

1-(2-Methoxyethyl)-4-(3,4,8,9-tetrahydro 

[1123] The title compound was obtained from 2-bromoethyl methyl ether by the method similar to that in EXAMPLE 
389. Yield: 38%. 

Melting point: 85-87 °C (hexane-ethyl acetate). 

1 H NMR (CDCI3) 6* 1 .23 (6H, s), 1 .39 (6H, s), 2.63 (2H, s), 2.67 (2H, s), 3.31 (3H, s), 3.66 (2H, t, J = 5.0 Hz), 3.92 (3H, 
s), 4.15 (2H, brs), 6.18 (1H, dd, J = 7.0, 1.8 Hz), 6.58 (1H, d, J = 1.8 Hz), 6.60 (1H, s), 7.39 (1H, d, J = 7.0 Hz). 

EXAMPLE 391 

1- (2-Pyridinylmethyl)-4-(3,4,8,9-tetrahydro-6^ 
pyridinone 

[1124] The title compound was obtained from 2-(chloromethyl)pyridine hydrochloride by the method similar to that 

in EXAMPLE 389. Yield: 57%. 

Melting point: 165-166 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 8 1 .22 (6H, s), 1 .38 (6H, s), 2.63 (2H, s), 2.66 (2H, s), 3.91 (3H, s), 5.26 (2H, br s), 6.23 (1 H, dd, J = 
7.0, 1 .8 Hz), 6.58 (1 H, d, J = 1 .8 Hz), 6.59 (1 H, s), 7.1 8-7.25 (1 H, m), 7.42 (1 H, d, J = 7.6 Hz), 7.58 (1 H, d, J = 7.0 Hz), 
7.66 (1 H, td, J = 7.6, 1 .8 Hz), 8.53 (1 H, d, J = 4.8 Hz). 

EXAMPLE 392 

2- Oxo-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridineacetamide 

[1 125] The title compound was obtained as a main product from 2-chloroacetamide by the method similar to that in 

EXAMPLE 389. Yield: 56%. 

Melting point: 251-252 °C (ethyl acetate-methanol). 

1 H NMR (CDCI3) 5 1.13 (6H, s), 1.29 (6H, s), 2.61 (4H, s), 3.81 (3H, s), 4.55 (2H, s), 6.14 (1H, dd, J = 7.0, 1.8 Hz), 
6.22 (1H, d, J = 1 .8 Hz), 6.80 (1H, s), 7.20 (1H, brs), 7.61 (1H, d, J = 7.0 Hz), 7.65 (1H, brs). 

EXAMPLE 393 

N-(2-Amino-2-oxoethyl)-2-oxo-4-(3,4,8,9-tetrahydro-6-m^ 
pyridineacetamide 

[1126] Similarly to EXAMPLE 392, the title compound was obtained as a by-product. Yield: 10%. 
Melting point: 166-168 °C (ethyl acetate). 

1 H NMR (CDCI3) 5 1.13 (6H, s), 1.29 (6H, s), 2.61 (4H, s), 3.68 (2H, d, J = 5.6 Hz), 3.81 (3H, s), 4.63 (2H, s), 6.19 
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(1 H, dd, J = 6.8, 1 .8 Hz), 6.25 (1 H, d, J = 1 .8 Hz), 6.80 (1 H, s), 7.1 4 (1 H, br s), 7.30 (1 H, br s), 7.66 (1 H, d, J = 6.8 
Hz), 8.47(1 H, t, J = 5.6 Hz). 

EXAMPLE 394 

5 

1-(3-Pyridinylmethyl)-4-(3A8,9-tetrahydro-6-m^ 
pyridinone 

[1127] The title compound was obtained from 3-(chloromethyl)pyridine hydrochloride by the method similar to that 
10 in EXAMPLE 389. Yield: 56%. 

Melting point: 126-128 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) 5 1 .22 (6H, s), 1 .39 (6H, s), 2.63 (2H, s), 2.66 (2H, s), 3.92 (3H, s), 5.19 (2H, br s), 6.25 (1 H, dd, J = 
6.8, 1.8 Hz), 6.60 (1 H, s), 6.62 (1H, d, J = 1.8 Hz), 7.28 (1H, dd, J = 8.0, 4.8 Hz), 7.35 (1H, d, J = 6.8 Hz), 7.72 (1H, 
d, J = 8.0 Hz), 8.57 (1 H, dd, J = 4.8, 1 .6 Hz), 8.61 (1 H, d, J = 1 .6 Hz). 

15 

EXAMPLE 395 

1-Methyl-4-(3,4,8,9-tetrahydro-6-methoxy-3 l 3,8 ) 84etramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)-pyridinone 

20 [1128] The title compound was obtained from iodomethane by the method similar to that in EXAMPLE 389. Yield: 
62%. 

Melting point: 180-181 °C. 

1H NMR (CDCI3) 8 1 .22 (6H, s), 1 .40 (6H, s), 2.64 (2H, s), 2.66 (2H, s), 3.58 (3H, s), 3.92 (3H, s), 6.23 (1 H, dd, J = 
7.0, 1 .8 Hz), 6.58 (1 H, d, J = 1 .8 Hz), 6.60 (1 H, s), 7.33 (1 H, d, J = 7.0 Hz). 

25 

EXAMPLE 396 

1-(2-Quinolinylmethyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui 
pyridinone 

30 

[1 129] The title compound was obtained from 2-(chloromethyl)quinoline hydrochloride by the method similar to that 

in EXAMPLE 389. Yield: 55%. 

Melting point: 189-190 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .22 (6H, s), 1 .37 (6H, s), 2.65 (4H, s), 3.91 (3H, s), 5.47 (2H, br s), 6.24 (1 H, dd, J = 6.8, 1 .8 Hz), 
35 6.59 (1H, s), 6.63 (1H, d, J = 1.8 Hz), 7.51 (1H, d, J = 8.4 Hz), 7.49-7.59 (1H, m), 7.60 (1H, d, J = 6.8 Hz), 7.68-7.77 
(1H, m), 7.82 (1H, d, J = 8.4 Hz), 8.03 (1H, d, J = 8.4 Hz), 8.14 (1H, d, J = 8.4 Hz). 

EXAMPLE 397 

40 2-[2-[2-Oxo-4-(3,4,8,9-tetrahyd^ 
isoindole-1,3(2H)-dione 

[1 1 30] The title compound was obtained from N-(2-bromoethyl)phthalimide by the method similar to that in EXAM PLE 
389. Yield: 14%. 
45 Melting point: 226-228 °C (ethyl acetate-methanol). 

1 H NMR (CDCI3) 6 1.19 (6H, s), 1.50 (6H, s), 2.65 (2H, s), 2.71 (2H, s), 3.92 (3H, s), 4.13 (2H, brs), 4.26 (2H, br s), 
6.15 (1H, dd, J = 7.0, 1.8 Hz), 6.51 (1H, d, J = 1.8 Hz), 6.58 (1H, s), 7.14 (1H, d, J = 7.0 Hz), 7.72-7.84 (4H, m). 

EXAMPLE 398 

50 

1 -[2-(Dimethy!amino)ethyl]-4-^ 
pyridinone 

[1131] The title compound was obtained from 2-(dimethylamino)ethyl chloride hydrochloride by the method similar 
55 to that in EXAMPLE 389. Yield: 9%. 

Melting point: 111-113 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .23 (6H, s), 1 .38 (6H, s), 2.28 (6H, s), 2.62 (2H, t, J = 6.6 Hz), 2.63 (2H, s), 2.67 (2H, s), 3.92 (3H, 
s), 4.05 (2H, t, J = 6.6 Hz), 6.1 9 (1 H, dd, J = 7.0, 1 .8 Hz), 6.56 (1 H, d, J = 1 .8 Hz), 6.60 (1 H, s), 7.35 (1 H, d, J = 7.0 Hz). 
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EXAMPLE 399 

1-(Phenylmethyl)-4-(3,4,8,9-tetrahydro-6-meto^^ 

5 [1132] The title compound was obtained from benzyl bromide by the method similar to that in EXAMPLE 389. Yield: 
68%. 

Melting point: 170-172 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) 6 1.22 (6H, s), 1.38 (6H, s), 2.63 (2H, s), 2.66 (2H, s), 3.91 (3H, s), 5.18 (2H, br s), 6.19 (1H, dd, J = 
7.0, 1 .8 Hz), 6.59 (1 H, s), 6.62 (1 H, d, J = 1 .8 Hz), 7.30-7.33 (6H, m). 

10 

EXAMPLE 400 

4-[[2-Oxo-4-(3 l 4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 I 3-h]isoquinolin-1-yl)-1(2H)-pyridinyl]methyn 
benzoic acid methyl ester 

15 

[1133] The title compound was obtained from 4-(bromomethyl)benzoic acid methyl ester by the method similar to 

that in EXAMPLE 389. Yield: 73%. 

Melting point: 193-194 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 6 1 .23 (6H, s), 1 .39 (6H, s), 2.64 (2H, s), 2.67 (2H, s), 3.92 (6H, s), 5.23 (2H, br s), 6.24 (1 H, dd, J = 
20 7.0, 1 .8 Hz), 6.60 (1 H, s), 6.63 (1 H, d, J = 1 .8 Hz), 7.32 (1 H, d, J = 7.0 Hz), 7.36 (2H, d, J = 8.4 Hz), 8.01 (2H, d, J = 8.4 Hz). 

EXAMPLE 401 

N-(2-Hydroxyethyl)-4-[[2-oxo-4-(3,4,8,9^ 
25 pyridinyl]methyl]benzamide 

[1 1 34] A solution of 4-[[2-oxo-4-(3,4,8 > 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylf uro[2,3-h]isoquinolin-1 -yl)-1 (2H)- 
pyridinyl]methyl]benzoic acid methyl ester (1.32 g, 2.64 mmol) and 2-aminoethanol (2 mL, 33.1 mmol) in xylene (10 
mL) was heated under reflux for 7 hours. The reaction mixture was combined with ice water and extracted twice with 
30 chloroform. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel 
(ethyl acetate/methanol 19:1 followed by 9:1), and recrystallized from ethyl acetate-methanol to obtain the title com- 
pound (0.81 g, Yield: 58%). 
Melting point: 220-222 °C. 

35 1H NMR (CDCI3) 5 1.22 (6H, s), 1.40 (6H, s), 2.64 (2H, s), 2.66 (2H, s), 3.48-3.59 (3H, m), 3.76 (2H, t, J = 5.0 Hz), 
3.92 (3H, s), 5.1 8 (2H, br s), 6.26 (1 H, dd, J = 7.0, 1 .8 Hz), 6.60 (1 H, s), 6.63 (1 H, d, J = 1 .8 Hz), 7.07 (1 H, br t, J = 
5.5 Hz), 7.30 (2H, d, J = 8.4 Hz), 7.35 (1H, d, J = 7.0 Hz), 7.74 (2H, d, J = 8.4 Hz). 

EXAMPLE 402 

40 

4-[[2-Oxo-4-(3,4,8 l 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridinyl]methyl] 
-N-(4-pyridinyl)benzamide 

[1135] 4-[t2-Oxo-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridinyl] 
45 methyljbenzoic acid methyl ester (2.78 g, 5.55 mmol) was dissolved in 1 M aqueous solution of sodium hydroxide (30 
mL) and the mixture was heated under reflux for 30 minutes. The reaction mixture was cooled to room temperature, 
and 2 M hydrochloric acid (30 mL) was added thereto. The solvent was concentrated and distilled off under reduced 
pressure, and diluted with ethanol. The resultant insolubles were filtered off, and ethanol was concentrated and distilled 
off under the reduced pressure. This procedure was repeated twice to obtain 4-[[2-oxo-4-(3,4,8,9-tetrahydro-6-meth- 
50 oxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridinyl]methyl]benzoic acid hydrochloride (2.90 g, quanti- 
tative). 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.483 g, 2.52 mmol) was added to a solution of 
the resultant 4-[[2-oxo-4-(3,4,8 1 9-tetrahydro-6-methoxy-3,3,8,8-tetram 

methyl]benzoic acid hydrochloride (1 .20 g, 2.29 mmol), 4-aminopyridine (0.259 g, 2.75 mmol) and 1-hydroxy-1H-ben- 
zotriazole monohydrate (0.701 g, 4.58 mmol) in N,N-dimethylformamide (10 mL) with cooling in ice, and stirred at the 
55 same temperature for 1 hour and then at room temperature for 30 hours. The reaction solvent was concentrated and 
distilled off under reduced pressure, and to the residue an aqueous solution of sodium hydroxide was poured. The 
organic material was extracted with ethyl acetate, and the extract was washed with brine, dried over sodium sulfate, 
filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
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silica gel (1% methano l/ethyl acetate followed by 2%) and recrystallized from ethyl acetate-hexane to obtain the title 
compound {0.15 g, Yield: 12%). 
Melting point: 144-146 °C. 

1 H NMR (CDCI 3 ) 5 1 .23 (6H, s), 1 .39 (6H, s), 2.63 (2H, s), 2.67 (2H, s), 3.92 (3H, s), 5.20 (2H, br s), 6.29 (1 H, dd, J = 
5 6.8, 1.8 Hz), 6.61 (2H, s), 7.32 (2H, d, J = 8.4 Hz), 7.38 (1H, d, J = 6.8 Hz), 7.70 (2H, dd, J = 4.8, 1.8 Hz), 7.84 (2H, 
d, J = 8.4 Hz), 8.51 (2H, dd, J = 4.8, 1 .8 Hz), 9.06 (1 H, br s). 

EXAMPLE 403 

10 2-Oxo-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridineacetic acid 
1 ,1-dimethylethyl ester 

[1136] The title compound was obtained from tert-butyl bromoacetate by the method similar to that in EXAMPLE 
389. Yield: 80%. 
'5 Melting point: 1 66-1 68 °C (diethyl ether-hexane). 

1 H NMR (CDCI3) 5 1 .23 (6H, s), 1 .40 (6H, s), 1 .49 (9H, s), 2.67 (2H, s), 2.68 (2H, s), 3.92 (3H, s), 4.57 (2H, s), 6.25 
(1 H, dd, J = 7.0, 1 .8 Hz), 6.59 (1 H, d, J = 1 .8 Hz), 6.59 (1 H, s), 7.25 (1 H, d, J = 7.0 Hz). 

EXAMPLE 404 

20 

2-Oxo-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetram acid 
hydrochloride 

[1137] 2-Oxo-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridineacetic 
25 acid 1 ,1 -dimethylethyl ester (1 0.1 g, 21 .6 mmol) was dissolved in 6 M hydrochloric acid (25 mL) and the mixture was 
heated under reflux for 1 hour. The reaction solution was cooled to room temperature, and the reaction solvent was 
concentrated and distilled off under reduced pressure to obtain the title compound (9.60 g, 99%). 
Amorphous, 

1 H NMR (CDCI3) 6 1 .41 (6H, s), 1 .53 (6H, s), 2.68 (2H, s), 2.98 (2H, s), 3.98 (3H, s), 4.71 (2H, br s), 6.24 (1 H, br s), 
30 6.35 (1H, d, J = 7.0 Hz), 6.70 (2H, s), 7.72 (1H, d, J = 7.0 Hz). 

EXAMPLE 405 

2-Oxo-N-(3-pyridinyl)-4-(3,4,8,94etrahydro-6^ 
35 pyridineacetamide 

[1138] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.566 g, 2.95 mmol) was added to a solution 
of 2-oxo-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)-1 (2H)-pyridineacetic acid hy- 
drochloride (1 .20 g, 2.68 mmol), 3-aminopyridine (0.303 g, 3.22 mmol) and 1 -hydroxy- 1 H-benzotriazole monohydrate 

40 (0.821 g, 5.36 mmol) in N,N-dimethylformamide (1 0 mL) with cooling in ice, and the mixture was stirred at the same 
temperature for 1 hour and then at room temperature for 3 hours. The reaction solvent was concentrated and distilled 
off under reduced pressure, and to the residue an aqueous solution of sodium hydroxide was poured. The organic 
material was extracted with ethyl acetate, and the extract was washed with brine, dried over sodium sulfate, filtered 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 

45 gel (5% methanol/ethyl acetate) and recrystallized from ethyl acetate-methanol to obtain the title compound (0.51 g, 
Yield: 39%). 

Melting point: 251-253 °C. 

'H NMR (CDCI3) 5 1 .23 (6H, s), 1 .40 (6H, s), 2.63 (2H, s), 2.68 (2H, s), 3.93 (3H, s), 4.80 (2H, br s), 6.42 (1 H, dd, J = 
7.0, 1.8 Hz), 6.62 (1H, s), 6.75 (1H, d, J = 1.8 Hz), 7.20 (1H, dd, J = 8.4, 4.6 Hz), 7.52 (1H, d, J = 7.0 Hz), 7.94 (1H, 
50 ddd, J = 8.4, 1 .8, 1 .4 Hz), 8.31 (1 H, dd, J = 4.6, 1 .4 Hz), 8.64 (1 H, d, J = 1 .8 Hz), 9.82 (1 H, br s). 

EXAMPLE 406 

2-Oxo-N-(5-quinolinyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)- 
55 pyridineacetamide 

[1 1 39] The title compound was obtained from 5-aminoquinoline by the method similar to that in EXAMPLE 405. Yield: 
10%. 



215 



EP 1 270 577 A1 



Melting point: 136-138 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) 5 1 .22 (6H, s), 1 .31 (6H, s). 2.59 (2H, s), 2.66 (2H, s), 3.92 (3H, s), 4.89 (2H, br s), 6.48 (1 H, dd, J = 
6.8, 1 .8 Hz), 6.61 (1 H, s), 6.80 (1 H, d, J = 1 .8 Hz), 7.47 (1 H, dd, J = 8.8, 4.0 Hz), 7.58 (1 H, d, J = 6.8 Hz), 7.70 (1 H, t, 
J = 8.4 Hz), 7.93 (1 H, d, J = 8.4 Hz), 8.21 (1H, d, J = 8.8 Hz), 8.47 (1 H, d, J = 8.4 Hz), 8.93 (1 H, dd, J = 4.0, 1 .2 Hz), 
5 10.21 (1H, brs). 

EXAMPLE 407 

1-(2-Quinolinyl)-5-(3,4,8,9-tetrahydro-6-^^ 

10 

[1140] 25% Hydrogen bromide/acetic acid solution (1 ml_) was added to a solution of 1 -(6-chloro-3-pyridinyl)- 
3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]lsoquinoline (0.78 g, 2.10 mmol) and quinoline 1 -oxide 
monohydrate (3.05 g, 21 .0 mmol) in toluene (5 mL) and acetic acid (5 ml_) and the mixture was heated under reflux 
for 20 hours. The reaction mixture was combined with ice water, and the aqueous layer was neutralized with cone. 
15 aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed with water and 
brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a basic silica gel (hexane/ethyl acetate 2:1 ) and recrystallized from ethyl acetate to obtain 
the title compound (0.41 g, Yield: 41%). 
Melting point: 191-192 °C. 

20 1H NMR (CDCI3) 5 1 .21 (6H, s), 1 .52 (6H, s), 2.65 (2H, s), 2.98 (2H, s), 3.94 (3H, s), 6.62 (1 H, s), 6.74 (1 H, d, J = 9.2 
Hz), 7.55-7.63 (1 H, m), 7.64 (1 H, dd, J = 9.2, 2.6 Hz), 7.69-7.77 (1 H, m), 7.88 (1 H, dd, J = 8.0, 1 .4 Hz), 7.92 (1 H, d, J 
= 8.8 Hz), 8.04 (1H, dd, J = 8.0, 1 .4 Hz), 8.12 (1H, d, J = 2.2 Hz), 8.26 (1H, d, J = 8.8 Hz). 

EXAMPLE 408 

25 

1 -(1 -IsoquinolinylJ-S-tS^.S.g-tetrahydro-e-methoxy-S^.B.B-tetramethylfuro^.S-hJisoquinolin-l -yl)-2(1 H)-pyridinone 

[1141] The title compound was obtained from isoquinoline 2-oxide by the method similar to that in EXAMPLE 407. 
Yield: 40%. Melting point: 147-149 °C (ethyl acetate-hexane). 
30 1H NMR (CDCI3) 5 1.16 (3H, s), 1.23 (3H, s), 1.41 (3H, s), 1.55 (3H, s), 2.63 (2H, s), 2.75 (1H, d, J = 16.0 Hz), 3.22 
(1H, d, J = 16.0 Hz), 3.90 (3H, s), 6.58 (1H, s), 6.78 (1H, d, J = 9.6 Hz), 7.62-7.80 (6H, m), 7.92 (1H, d, J = 8.4 Hz), 
8.46 (1H,d, J = 5.8 Hz). 

EXAMPLE 409 

35 

1-[4-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8 p 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2-pyri 

[1142] A solution of 4-(3 l 4 ) 8,9-tetrahydro-6-methoxy-3,3 l 8 l 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)pyridine 1 -oxide 
(0.95 g, 2.7 mmol), 2-chloroquinoline (1 .8 g, 11 mmol), 25% hydrogen bromide/acetic acid solution (0.7 mL) and acetic 

40 acid (6.0 mL) in toluene (8.8 mL) was heated under reflux for 1 hour. The reaction solution was cooled to room tem- 
perature, and the reaction mixture was poured into water. After the mixture was made weakly alkaline with cone, aque- 
ous ammonia, the organic material was extracted with ethyl acetate. The extract was washed with brine and dried over 
sodium sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue was purified by a 
column chromatography on a basic silica gel (ethyl acetate/hexane 2:1 followed by 1:1) to obtain crude crystals. The 

45 resultant crude crystals were recrystallized from ethyl acetate-hexane to obtain the title compound (0.72 g, Yield: 56%). 
Melting point: 190-191 °C. 

1 H NMR (DMSO-d 6 ) 51.18 (6H, s), 1 .24 (6H, s), 2.51 (2H, s), 2.67 (2H, s), 3.80 (3H, s), 6.48 (1 H, d, J = 8.8 Hz), 6.68 
(1H, d, J = 9.6 Hz), 6.80 (1H, s), 7.26 (1H, t, J = 7.2 Hz), 7.40-7.48 (2H, m), 7.64 (1 H, dd, J = 4.9, 1 .6 Hz), 7.79 (1H, 
d, J = 7.6 Hz), 8.05 (1 H, d, J - 9.6 Hz), 8.80 (1 H, d, J = 4.9 Hz). 

50 

EXAMPLE 410 

1 ,6-Dihydro-6-oxo-1 -[4-(3,4,8,9-tetrah^ 
3-pyridinecarboxamide 

55 

[1143] The title compound was obtained from 6-chloronicotinamide by the method similar to that in EXAMPLE 409. 

Yield: 31%. 

Amorphous. 
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1 H NMR (CDCI 3 ) 5 1 .26 (6H, s), 1 .38 (6H, s), 2.05 (2H, s), 2.69 (2H, s), 3.93 (3H, s), 6.12 (2H, br), 6.59 (1 H, d, J = 9.6 
Hz), 6.62 (1H, s), 7.42 (1H, d, J = 5.0 Hz), 7.78 (1H, dd, J = 9.6, 2.6 Hz), 7.90 (1H, s), 8.49 (1H, d, J = 2.6 Hz), 8.59 
(1H,d, J = 5.0 Hz). 

5 EXAMPLE 411 

1-(2-Chloro-4-pyridinyl)-3,4,8,9-tetrahydro-6-m^ 

[1144] A solution of 4-(3 l 4 I 8 l 9-tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2,3-h]isoquinotin-1 -yl)pyridine 1-oxide 
10 (2.4 g, 6.8 mmol) in phosphorus oxychloride (20 mL, 21 0 mmol) was heated under reflux for 30 minutes. The reaction 
solution was cooled to room temperature, and then poured into ice water. After the mixture was made alkaline with an 
aqueous solution of sodium hydroxide, the organic material was extracted with ethyl acetate. The extract was washed 
with brine and dried over sodium sulfate, and then the solvent was distilled off under reduced pressure. The resultant 
residue was purified by a column chromatography on a basic silica gel (hexane/ethyl acetate 5:1 followed by 3:1) to 
*5 obtain crude crystals. The crude crystals were recrystallized from ethyl acetate-hexane to obtain, as a main product, 
the title compound (0.84 g, Yield: 33%). 
Melting point: 139-140 °C. 

1H NMR (CDCI3) 6 1.26 (6H, s), 1.37 (6H, s), 2.30 (2H, s), 2.70 (2H, s), 3.93 (3H, s), 6.64 (1H, s), 7.27 (1H, dd, J = 
5.2, 0.8 Hz), 7.43 (1 H, d, J = 0.8 Hz), 8.44 (1 H, d, J = 5.2 Hz). 

20 

EXAMPLE 412 

1- (3-Chloro-4-pyridinyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 

25 [1145] Similarly to EXAMPLE 411 , the title compound was obtained as a by-product. Yield: 8%. 
Melting point: 126-128 °C (hexane). 

1 H NMR (CDCI3) 5 1.23 (3H, s), 1.30 (3H, s), 1.35 (3H, s), 1.38 (3H, s), 2.05 (2H, s), 2.69 (1H, d, J = 15.7 Hz), 2.80 
(1H, d, J = 15.7 Hz), 3.92 (3H, s), 6.62 (1H, s), 7.31 (1H, d, J = 4.8 Hz), 8.58 (1H, d, J = 4.8 Hz), 8.63 (1H, s). 

30 EXAMPLE 413 

2- [2-Oxo-4-(3 l 4,8 l 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-1(2H)-pyridinyl]- 
4-pyridinecarboxamide 

35 [1 1 46] A solution of 1 -(2-chloro-4-pyridinyl)-3 f 4,8 } 9-tetrahydro-6-methoxy-3 l 3,8,8-tetramethylf uro[2,3-h]isoquinoline 
(1.0 g, 2.7 mmol), 4-pyridinecarboxamide 1-oxide (2.9 g, 21 mmol), 25% hydrogen bromide/acetic acid solution (1.0 
mL) and acetic acid (5,6 mL) in xylene (1 0 mL) was heated under reflux for 9 hours. The reaction solution was cooled 
to room temperature, and the reaction mixture was poured into water. After the mixture was made weakly alkaline with 
8 M aqueous solution of sodium hydroxide, the organic material was extracted with ethyl acetate. The extract was 

40 washed with brine and dried over sodium sulfate, and then the solvent was distilled off under reduced pressure. The 
resultant residue was purified by a column chromatography on a basic silica gel (chloroform/methanol 50:1 followed 
by 20:1) to obtain crude crystals. The resultant crude crystals were recrystallized from ethyl acetate-diisopropyl ether 
to obtain the title compound (0.22 g, Yield: 17%). 
Melting point: 174-1 75 °C. 

45 1H NMR (CDCI3) 5 1 .26 (6H, s), 1 .43 (6H, s), 2.69 (2H, s), 2.76 (2H, s), 3.93 (3H, s), 6.1 2 (1 H, br), 6.43 (1 H, d, J = 7.3 
Hz), 6.63 (1 H, s), 6.68 (1 H, s), 7.1 6-7.39 (1 H, br), 7.78 (1 H, d, J = 4.4 Hz), 8.01 (1 H, d, J = 7.3 Hz), 8.33 (1 H, s), 8.67 
(1H, d, J = 4.4 Hz). 

EXAMPLE 414 

50 

1-(2-Pyridinyl)-4-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)-2(1H)-pv 

[1147] The title compound was obtained from pyridine 1-oxide by the method similar to that in EXAMPLE 413. Yield: 
56%. 
55 Amorphous. 

1 H NMR (CDCI3) 5 1 .25 (6H, s), 1 .42 (6H, s), 2.69 (2H, s), 2.78 (2H, s), 3.93 (3H, s), 6.39 (1 H, dd, J = 7.1 , 1 .8 Hz), 
6.62-6.67 (2H, m), 7.30-7.37 (1 H, m), 7.80-7.89 (1H, m), 7.96-8.00 (2H, m), 8.57-8.60 (1 H, m). 
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EXAMPLE 415 

1 -(2-Quinolinyl)-4-(3,43,9-t^ 

5 [1148] The title compound was obtained from quinoline 1 -oxide by the method similar to that in EXAMPLE 41 3. Yield: 
24%. 

Melting point: 175-176 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) 5 1.26 (6H, s), 1.44 (6H, s), 2.70 (2H, s), 2.82 (2H, s), 3.94 (3H, s), 6.45 (1H, dd, J = 7.4, 1.8 Hz), 
6.63 (1 H, s), 6.70 (1 H, d, J = 1 .4 Hz), 7.61 (1 H, td, J = 7.6, 1 .2 Hz), 7.77 (1 H, td, J = 8.4, 1 .4 Hz), 7.90 (1 H, d, J = 8.4 
10 Hz), 7.99-8.1 6 (3H, m), 8.27 (1 H, d, J = 8.8 Hz). 

EXAMPLE 41 6 

3,4,8,9-Tetrahydro-6-methoxy-1-(4-methoxyphenyl)-3,3-dimethylfuro[2,3-h]isoquinoline 

15 

[1149] The title compound was obtained from 4-anisonitrile and 2,3-dihydro-7-methoxy-5-(2-methyl-1 -propenyl)ben- 
zofuran by the method similar to that in EXAMPLE 1 . Yield: 49%. 
Melting point: 147-148 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .23 (6H, s), 2.46 (2H, t, J = 8.8 Hz), 2.68 (2H, s), 3.87 (3H, s), 3.93 (3H, s), 4.37 (2H, t, J = 8.8 
20 Hz), 6.61 (1H, s), 6.91 (2H, d, J = 8.7 Hz), 7.34 (2H, d, J = 8.7 Hz). 

EXAMPLE 41 7 

3,4,8,9-Tetrahydro-6-methoxy-3,3,9,9-tetramethyl-1-phenylfuro[2,3-h]isoquinoline 

25 

[1150] The title compound was obtained from benzonitrile and 2,3-dihydro-7-methoxy-3,3-dimethyl-5-(2-methyl- 
1-propenyl)benzofuran by the method similar to that in EXAMPLE 1. Yield: 1.4%. 
Melting point: 142-143 °C (hexane-diethyl ether). 

1H NMR (CDCI3) 5 0.78 (6H, s), 1.18 (6H, s), 2.61 (2H, s), 3.93 (3H, s), 4.03 (2H, s), 6.65 (1H, s), 7.32-7.44 (5H, m). 

30 

EXAMPLE 41 8 

3,3-Diethyl-3,4,8,9-tetrahydro-6-methoxy-8,8-dimethyl-1-phenylfuro[2,3-h]isoquinoline hydrochloride 

35 [1151] The title compound was obtained from benzonitrile and 5-(2-ethyl-1-butenyl)-2,3-dihydro-7-methoxy- 
2,2-dimethylbenzofuran by the method similar to that in EXAMPLE 306. Yield: 36%. 
Melting point: 178-179 °C (ethyl acetate). 

1 H NMR (CDCI3) 6 1.07 (6H, t, J = 7.8 Hz), 1.33 (6H, s), 1.94-2.18 (4H, m), 2.22 (2H, s), 3.07 (2H, s), 4.01 (3H, s), 
6.76 (1H,s), 7.57-7.67 (5H, m). 

40 

EXAMPLE 419 

SAS.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l -furo[2,3-h]isoquinolinecarboxylic acid methyl ester 

45 [1152] The title compound was obtained from methyl cyanoformate by the method similar to that in EXAMPLE 1 . 
Yield: 16%. 

Melting point: 161-162 °C (chloroform-hexane). 

1H NMR (CDCI3) 8 1.25 (6H, s), 1.49 (6H, s), 2.65 (2H, s), 2.94 (2H, s), 3.91 (3H, s), 3.93 (3H, s), 6.55 (1H, s). 
so EXAMPLE 420 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-furo[2,3-h]isoquinolinecarboxylic acid hydrochloride 

[1 1 53] 5 M aqueous solution of sodium hydroxide was added to a solution of 3,4,8, 9-tetrahydro-6-methoxy-3, 3,8, 8-te- 
55 tramethyl-1 -furo[2,3-h]isoquinolinecarboxylic acid methyl ester (1 .49 g, 4.69 mmol) in methanol (5 mL) and the mixture 
was stirred at 60 °C for 5 hours. The reaction solution was made acidic with 5 M hydrochloric acid, and concentrated 
under reduced pressure. The residue was combined with ethanol and the mixture was filtered, and the filtrate was 
concentrated under reduced pressure, and this procedure was repeated three times to obtain the title compound (1 .50 
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g, Yield: 94%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 8 1.35 (6H, s), 1.41 (6H, s), 3.02 (2H, s). 3.17 (2H, s), 3.91 (3H, s), 6.99 (1H, s). 
EXAMPLE 421 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-N-[2-^ 

[1154] The title compound was obtained from 3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1 -furo[2,3-h]isoqui- 
nolinecarboxylic acid hydrochloride and 4-(2-aminoethyl)pyridine by the method similar to that in Example 159. Yield: 
42%. 

Melting point: 160-161 °C (diisopropyl ether-hexane). 

1 H NMR (CDCI 3 ) 5 1.15 (6H, s), 1 .47 (6H, s), 2.59 (2H, s), 2.93 (2H, t, J = 7.0 Hz), 3.02 (2H, s), 3.68 (2H, q, J = 7.0 
Hz), 3.89 (3H, s), 6.52 (1 H, s), 6.93-7.02 (1 H, m) t 7.22 (2H, d, J = 6.0 Hz), 8.55 (2H, d, J = 6.0 Hz). 

EXAMPLE 422 

S^.S^-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-N-phenyl-l-furop^-hjisoquinolinecarboxamide 

[1155] The title compound was obtained from 3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1 -furo[2,3-h]isoqui- 
nolinecarboxylic acid hydrochloride and aniline by the method similar to that in EXAMPLE 159. Yield: 60%. 
Melting point: 175-176 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 8 1 .22 (6H, s), 1 .48 (6H, s), 2.63 (2H, s), 3.21 (2H, s), 3.91 (3H, s), 6.55 (1 H, s), 7.14 (1 H, t, J = 7.4 
Hz), 7.38 (2H, d, J = 7.4 Hz), 7.68 (2H, d, J = 7.4 Hz), 8.84 (1 H, s). 

EXAMPLE 423 

N-fl-Azabicyclop^^loct-S-yO-S^.S.g-tetrahydro-B-methoxy-S.S.S.S-tetramethyl-l-furo^.S-h] 
isoquinolinecarboxamide 

[1 1 56] The title compound was obtained from 3,4,8, 9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1 -furo[2,3-h]isoqui- 
nolinecarboxylic acid hydrochloride and 3-amino-1 -azabicyclo[2.2.2]octane by the method similar to that in EXAMPLE 
159. Yield: 60%. 

Melting point: 139-142 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1.17 (3H, s), 1.19 (3H, s), 1.48 (6H, s), 1.62-1.86 (4H, m), 2.02-2.10 (1H, m), 2.58-2.66 (1H, m), 
2.59 (2H, s), 2.80-2.98 (4H, m), 3.14 (2H, s), 3.35-3.49 (1 H, m), 3.89 (3H, s), 3.97-4.08 (1 H, m), 6.52 (1 H, s), 6.96 (1 H, 
d, J = 7.2 Hz). 

EXAMPLE 424 

3,4,8,9-Tetrahydro-6-methoxy-3,3-dimethyl-1-(2-thienyl)furo[2,3-h]isoquinoline 

[1157] The title compound was obtained from 2,3-dihydro-7-methoxy-5-(2-methyl-1-propenyl)benzofuran and 2-thi- 
ophenecarbonitrile by the method similar to that in EXAMPLE 368. Yield: 23%. 
Melting point: 122-125 °C (hexane). 

1 H NMR (CDCI3) 8 1 .23 (6H, s), 2.67 (2H, s), 2.73 (2H, t, J = 8.6 Hz), 3.93 (3H, s), 4.43 (2H, t, J = 8.6 Hz), 6.60 (1 H, 
s), 7.01-7.09 (2H, m), 7.35 (1 H, dd, J = 5.0, 1 .4 Hz). 

EXAMPLE 425 

S'^'-Dihydro-e'-methoxy-S'.S'-dimethyl-r-phenylspirotcyclopentane-I.S^g'HJ-furo^.S-hlisoquinoline] 

[1158] A solution of benzonitrile (0.700 g, 6.50 mmol) in toluene (5 mL) and acetic acid (5 mL) was treated dropwise 
with cone, sulfuric acid (0.6 mL) with cooling in ice. The ice bath was removed, and a solution of 7-methoxy-5-(2-methyl- 
1-propenyl)spiro[benzofuran-2(3H),1'-cyclopentane] (1 .29 g, 5.00 mmol) in toluene (5 mL) was added to the mixture 
and the mixture was stirred at 80 °C for 1 hour. The reaction mixture was combined with ice, and the aqueous layer 
was neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
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was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1) and recrystallized from 
ethyl acetate-hexane to obtain the title compound (0.87 g, Yield: 48%). 
Melting point: 130-131 °C. 

1H NMR (CDCI 3 ) 8 1 .25 (6H, s), 1 .43-2.05 (8H, m), 2.32 (2H, s), 2.69 (2H, s), 3.91 (3H, s), 6.60 (1 H, s), 7.38 (5H, s). 

5 

EXAMPLE 426 

3 , ,4'-Dihydro-6 , -methoxy-3 , ,3 , -dimethyl-1 , -(2-thienyl)spiro[cyclopentane-1,8 , (9 , H)-furo[2,3-h]isoquinoline] 

10 [1159] The title compound was obtained from 2-thiophenecarbonitrile by the method similar to that in EXAMPLE 
425. Yield: 28%. 

Melting point: 142-143 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 8 1 .22 (6H, s), 1 .54-2.10 (8H, m), 2.65 (2H, s), 2.67 (2H, s), 3.92 (3H, s), 6.59 (1 H, s), 7.03 (1 H, dd, 
J = 5.0, 3.6 Hz), 7.07 (1H, dd, J = 3.6, 1.4 Hz), 7.35 (1H, dd, J = 5.0, 1 .4 Hz). 

15 

EXAMPLE 427 

4-[3',4 l -Dihydro-6 , -methoxy-3 , s 3'-dimethylspiro[cyclopentane-1 .B'^HJ-furo^.S-hlisoquinolinej-l '-yl]pyridine 1 -oxide 

20 [1160] The title compound was obtained from 4-cyanopyridine 1 -oxide by the method similar to that in EXAMPLE 
425. Yield: 12%. 

Melting point: 205-207 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 8 1.23 (6H, s), 1.47-2.09 (8H, m), 2.56 (2H, s), 2.67 (2H, s), 3.92 (3H, s), 6.62 (1 H, s), 7.39 (2H, d, 
J = 5.0 Hz), 8.24 (2H, d, J = 5.0 Hz). 

25 

EXAMPLE 428 

S.B-Diethyl-S^.S.g-tetrahydro-e-methoxy-S.S-dimethyl-l-phenylfurop.S-hJisoquinoline hydrochloride 

30 [1161] A solution of benzonitrile (0.670 g, 6.50 mmol) in toluene (5 mL) and acetic acid (5 mL) was treated dropwise 
with cone, sulfuric acid (0.6 mL) with cooling in ice. The ice bath was removed, and a solution of 2,2-diethyl-2,3-dihydro- 
7-methoxy-5-(2-methyl-1-propenyl)benzofuran (1.30 g, 5.00 mmol) in toluene (5 mL) was added to the mixture and 
the mixture was stirred at 80 °C for 1 hour. The reaction mixture was combined with ice, and the aqueous layer was 
neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was 

35 washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1) to obtain a free base of 
the title compound. This was combined with 3.35 M hydrogen chloride/ethanol solution (9.61 mL), and the mixture was 
concentrated under reduced pressure. The residue was crystallized from diethyl ether, and the crystals were recrys- 
tallized from ethyl acetate to obtain the title compound (0.69 g, Yield: 35%). 

40 Melting point: 167-169 °C. 

1 H NMR (CDCI3) 8 0.78 (6H, t, J = 7.4 Hz), 1 .58 (2H, q, J = 7.4 Hz), 1 .60 (2H, q, J = 7.4 Hz), 1 .70 (6H, s), 2.20 (2H, 
s), 3.02 (2H, s), 4.02 (3H, s), 6.73 (1H, s), 7.28-7.72 (5H, m). 

EXAMPLE 429 

45 

8,8-Diethyl-3,4 ) 8,9-tetrahydro-6-methoxy-3,3-dimethyl-1-(2-thienyl)furo[2,3-h]isoquinoline hydrochloride 

[1162] The title compound was obtained from 2-thiophenecarbonitrile by the method similar to that in EXAMPLE 
428. Yield: 20%. 
50 Melting point: 152-154 °C (ethyl acetate-diethyl ether). 

1 H NMR (CDCI3) 8 0.84 (6H, t, J = 7.4 Hz), 1.60-1.72 (4H, m), 1.66 (6H, s), 2.56 (2H, s), 2.98 (2H, s), 4.02 (3H, s), 
6.71 (1 H, s), 7.29 (1 H, dd, J = 4.8, 3.8 Hz), 7.81 (1 H, dd, J = 4.8, 1 .2 Hz), 8.06 (1 H, dd, J = 3.8, 1 .2 Hz). 

EXAMPLE 430 

55 

4-(8,8-Diethyl-3 l 4,8,9-tetrahydro-6-methoxy-3,3-dimethylfuro[2,3-h]isoquinolin-1-yl)pyridine 1 -oxide hydrochloride 
[1163] The title compound was obtained from 4-cyanopyridine 1 -oxide by the method similar to that in EXAMPLE 
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428. Yield: 4%. 

Melting point: 184-186 °C (ethyl acetate). 

1 H NMR (CDCI 3 ) 5 0.84 (6H, t, J = 7.4 Hz), 1.60-1.73 (4H, m), 1.67 (6H, s), 2.43 (2H, S), 3.03 (2H, s), 4.04 (3H, s), 
6.75 (1H, s), 7.74 (2H, d, J = 6.8 Hz), 8.34 (2H, d, J = 6.8 Hz). 

5 

EXAMPLE 431 

1-(6-Methyl-2-quinolinyl)-5-(3,4,8,^ 
pyridinone 

10 

[1164] A solution of N-[2-(2,3-dihydro-7-methoxy-2 ) 2-dimethyl-5-benzofuranyl)-1 ,1-dimethylethyl]-1 ,6-dihydro- 
1-(6-methyl-2-quinolinyl)-6-oxo-3-pyridinecarboxamide (0.70 g, 1.4 mmol) in phosphorus oxychloride (5.0 ml_, 54 
mmol) was heated under reflux for 4.5 hours. The reaction solution was cooled to room temperature, and the reaction 
mixture was poured into water. After the mixture was made weakly alkaline with 8 M aqueous solution of sodium 
*5 hydroxide, and the organic material was extracted with ethyl acetate. The extract was washed with brine and dried 
over sodium sulfate, and then the solvent was distilled off under reduced pressure. The resultant residue was purified 
by a column chromatography on a basic silica gel (hexane/ethyl acetate 2:1 followed by 1 : 1 ) to obtain crude crystals. 
The resultant crude crystals were recrystallized from hexane-diisopropyl ether to obtain the title compound (0.13 g, 
Yield: 19%). 

20 Melting point: 201-202 °C (hexane-diisopropyl ether). 

1 H NMR (CDCI3) 5 1.21 (6H, s), 1.51 (6H, s), 2.56 (3H, s), 2.65 (2H, s), 2.98 (2H, s), 3.94 (3H, s), 6.62 (1H, s), 6.73 
(1 H, d, J = 9.4 Hz), 7.55 (1 H, dd, J = 8.8, 1 .8 Hz), 7.61 -7.67 (2H, m), 7.87 (1 H, d, J = 8.8 Hz), 7.92 (1 H, d, J = 8.6 Hz), 
8.10 (1H, d, J = 2.6 Hz), 8.16 (1H, d, J = 8.8 Hz). 

25 EXAMPLE 432 

1-(6-Chloro-3-pyridinyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 

[1165] The title compound was obtained from 6-chloro-N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)- 
30 1 ,1-dimethylethyl]-3-pyridinecarboxamide by the method similar to that in EXAMPLE 431 . Yield: 40%. 

1 H NMR (CDCI3) 5 1 .25 (6H, s), 1 .36 (6H, s), 2.28 (2H, s), 2.70 (2H, s), 3.93 (3H, s), 6.63 (1 H, s), 7.38 (1 H, d, J = 7.8 
Hz), 7.74 (1 H, dd, J = 7.8, 2.2 Hz), 8.42 (1 H, d, J = 2.0 Hz). 

EXAMPLE 433 

35 

[5-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-1H-tetorazol-1-yl]m 
2,2-dimethylpropanoate 

[1 1 66] 3-(1 H-Tetrazol-5-yl)benzonitrile (0.587 g, 3.4 mmol) was suspended in toluene (5 mL) and acetic acid (5 mL). 

40 While cooling in ice, cone, sulfuric acid (0.4 mL) followed by a solution of 1 -(2,3-dihydro-7-methoxy-2,2-dimethyl-5-ben- 
zofuranyl)-2-methyl-1-propanol (0.751 g, 3.0 mmol) in toluene were added thereto and the mixture was stirred at 80 
°C for 3 hours. The reaction mixture was combined with ice water, followed by an aqueous solution of sodium hydrogen 
carbonate to adjust at pH 4, and then extracted three times with tetrahydrofuran. The extract was washed with brine, 
dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was dissolved in N,N-dimeth- 

45 ylformamide (5 mL), potassium carbonate (1.11 g, 8.0 mmol) and chloromethyl pivalate (1.04 mL, 7.2 mmol) were 
added thereto and the mixture was stirred at room temperature for 1 8 hours. The reaction mixture was combined with 
ice, water and extracted twice with ethyl acetate. The extract was washed with brine, dried over sodium sulfate, filtered, 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel, 
eluted with hexane/ethyl acetate (2:1) to collect the intended fraction, which was concentrated and recrystallized from 

so diethyl ether/hexane (1 :1) to obtain the title compound (0.122 g, yield: 7.8%). 
Melting point: 134-136 °C. 

1 H NMR (CDCI3) 6 1 .22 (9H, s), 1 .26 (6H, s), 1 .29 (6H, s), 2.25 (2H, s), 2.72 (2H, s), 3.93 (3H, s), 6.52 (2H, s), 6.64 
(1H,s), 7.5-8.3 (4H, m). 

55 
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EXAMPLE 434 

S-IS-ja^^.g-Tetrahydro-e-methoxy-S.S.S^-tetramethylfurop.a-hlisoquinolin-l -yl)phenyl]-1 H-tetrazole-1 -acetic acid 
sodium salt 

5 

[1167] 5-(3-Cyanophenyl)-1 H-tetrazole-1 -acetic acid methyl ester (0.730 g, 3.0 mmol) was dissolved in toluene (5 
mL) and acetic acid (5 ml_), and, while cooling in ice, cone, sulfuric acid (0.4 mL) followed by a solution of 1 -(2,3-dihydro- 
7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1-propanol (0.751 g, 3.0 mmol) in toluene were added thereto and 
the mixture was stirred at 80 °C for 4 hours. The reaction mixture was combined with ice water, and washed with diethyl 
10 ether. The aqueous layer was combined with aqueous solution of sodium hydrogen carbonate to adjust at pH 7, and 
subjected to a column chromatography on a polystyrene gel [MCI GEL CHP20P (MITSUBISHI KASEi KOGYO)], eluted 
with ethanol/water (3:7) to collect the intended fraction, which was concentrated to remove ethanol, and then freeze- 
dried to obtain the title compound (0.68 g, Yield: 47%). 
Melting point: 180 °C. 

15 1H NMR (DMSO-d 6 ) 5 1.17 (6H, s), 1.19 (6H, s), 2.26 (2H, s), 2.67 (2H, s), 3.82 (3H, s), 4.97 (2H, s), 6.83 (1H, s), 
7.4-8.2 (4H, m). 

EXAMPLE 435 

20 3,4,8,9-Tetrahydro-6-methoxy-8,8-dimethyl-1-phenylfuro[2 p 3-h]isoquinoline hydrochloride 

[1168] Phosphorus oxychloride (3.4 mL, 36 mmol) was added to a suspension of N-[2-(2,3-dihydro-7-methoxy- 
2,2-dimethyl-5-benzofuranyl)ethyl]benzamide (2.93 g, 9.00 mmol) in xylene (30 mL) and the mixture was heated under 
reflux for 5 hours, and then stirred at room temperature for 1 5 hours. The reaction mixture was cooled with ice, combined 

25 with 5 M solution of sodium hydroxide (35 mL) and poured into ice water (1 00 mL). The aqueous layer was extracted 
twice with diethyl ether, and the combined organic layer was extracted twice with 2 M hydrochloric acid. The combined 
aqueous layer was neutralized with 5 M aqueous solution of sodium hydroxide, and extracted three times with diethyl 
ether. The combined organic layer was washed with a brine, dried over sodium sulfate, filtered, and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1 

30 followed by 1 :2) to obtain a free base of the title compound. This was dissolved in ethyl acetate (15 mL), combined 
with 4 M hydrogen chloride/ethyl acetate solution (3 mL), and the precipitated solid was recovered by filtration and 
washed with diethyl ether to obtain the title compound (2.10 g, Yield: 68%). 
Melting point: 213-215 °C. 

1 H NMR (CDCI 3 ) 8 1.36 (6H, s), 2.35 (2H, s), 3.08 (2H, t, J = 7.3 Hz), 3.96-4.08 (2H, m), 4.02 (3H, s), 6.82 (1H, s), 
35 7.54-7.77 (5H, m), 14.50-14.80 (1H, br). 

EXAMPLE 436 

S^.e^-Tetrahydro-e-methoxy-S^^-trimethyl-l-phenylfurop^-hjisoquinoline 

40 

[1169] The title compound was obtained from N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-1 -methyl- 
ethyljbenzamide by the method similar to that in EXAMPLE 431 . Yield: 71%. 
Melting point: 133-134 °C (hexane-dusopropyl ether). 

1 H NMR (CDCI3) 6 1 .29 (3H, s), 1 .35 (3H, s), 1 .47 (3H, d, J = 7.0 Hz), 2.1 7-2.25 (2H, m), 2.44-2.73 (2H, m), 3.47-3.66 
45 (1 H, m), 3.92 (3H, s), 6.65 (1 H, s), 7.40 (5H, s). 

EXAMPLE 437 

3,4,8 l 9-Tetrahydro-6-methoxy-3,8,8-trimethyl-1-(4-pyridinyl)furo[2,3-h]isoquinoline 

50 

[1170] The title compound was obtained from N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-1-methyl- 
ethyl]-4-pyridinecarboxamide by the method similar to that in EXAMPLE 431 . Yield: 24%. 
Melting point: 135-136 °C (hexane-diethyl ether). 

1 H NMR (CDCI3) 5 1 .30 (3H, s), 1 .37 (3H, s), 1 .47 (3H r d, J = 6.8 Hz), 2.1 9-2.37 (2H, m), 2.45-2.75 (2H, m), 3.51 -3.66 
55 (1 H, m), 3.93 (3H, s), 6.67 (1 H, s), 7.37 (2H, d, J = 5.8 Hz), 8.68 (2H, d, J = 5.8 Hz). 
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EXAMPLE 438 

3,4,8,9-Tetrahydro-6-methoxy-8,8-dimethyl-1 -phenyl-3-furo[2,3-h]isoquinolinecarboxylic acid methyl ester 

5 [1 1 71 ] A mixture of a-(ben2oylamino)-2 l 3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranpropanoic acid methyl ester 
(2.81 g, 7.33 mmol) and phosphorus oxychloride (1 5 mL) was stirred at 1 00 °C for 2.5 hours. The reaction mixture was 
concentrated under reduced pressure, and the residue was combined with ice and ethyl acetate. The resultant mixture 
was neutralized with cone, aqueous ammonia and the organic layer was separated, and the aqueous layer was ex- 
tracted with ethyl acetate. The combined organic layer was washed twice with water, and then concentrated under 

10 reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1 , 
1 :1 followed by 1 :2) and crystallized from ethyl acetate-diisopropyl ether to obtain the title compound (1 .41 g, Yield: 
53%). 

Melting point: 182-1 84 °C. 

1 H NMR (CDCI 3 ) 8 1 .29 (3H, s), 1 .35 (3H, s), 2.20 (1 H, d, J = 16.3 Hz), 2.31 (1 H, d, J = 1 6.3 Hz), 2.86-3.10 (2H, m), 
15 3.82 (3H, s), 3.93 (3H, s), 4.24 (1H, dd, J = 12.0, 6.6 Hz), 6.69 (1H, s), 7.35-7.51 (5H, m). 

EXAMPLE 439 

N-[3'-(3,4,8,9-Tetrahydro-6-methoxy-3^^ 

20 

[1172] The title compound was obtained from 3'-(3,4 p 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)[1,1'-biphenyl]-4-amine and propionyl chloride by the method similar to that in EXAMPLE 30. Yield: 92%. 
Melting point: 176-184 °C (ethyl acetate-diethyl ether). 

1H NMR (CDCI3) 6 1.20-1.32 (3H, m), 1.27 (6H, s), 1.29 (6H, s), 2.26 (2H, s), 2.40 (2H, q, J = 7.6 Hz), 2.71 (2H, s), 
25 3.93 (3H, s), 6.63 (1 H, s), 7.26-7.68 (9H, m). 

EXAMPLE 440 

N-[3 , -(3,4,8,9-Tetrahydro-6-methoxy-3 } 3 ) 8 I 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1,r-biphenyl]-4-yl]- 
30 2,2-dimethylpropanamide 

[1173] The title compound was obtained from 3' -(3,4,8 ,9-tetrahydro-6-methoxy-3, 3,8, 8-tetramethy If uro[2,3-h]isoqu i- 
nolin-1 -yl)[1 ,1 '-biphenyl]-4-amine and trimethylacetyl chloride by the method similar to that in EXAMPLE 30. Yield: 68%. 
Melting point: 189-193 °C (ethyl acetate-diethyl ether-hexane). 
35 1H NMR (CDCI3) 5 1 .27 (6H, s), 1 .30 (6H, s), 1 .34 (9H, s), 2.26 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.63 (1 H, s), 7.32-7.50 
(3H, m), 7.53-770 (6H, m). 

EXAMPLE 441 

40 2,2,2-Trifluoro-N-[3'-(3,4,8,9-tetrahyd^ 
acetamide 

[1174] A solution of S'-JS^.S.g-tetrahydro-e-methoxy-S^.S.S-tetramethylfurop.S-hJisoquinolin-l-yOfl ,1'-biphenyl]- 
4-amine (192 mg, 0.450 mmol) and triethylamine (82 u.L, 0.59 mmol) in tetrahydrofuran (1 mL) was treated dropwise 
45 with trifluoroacetic anhydride (70 u.L, 0,50 mmol) with cooling in ice, and stirred at the same temperature for 1 0 minutes. 
The reaction mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and 
extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried through sodium sulfate, 
and concentrated. The residue was crystallized from ethyl acetate-hexane to obtain the title compound (222 mg, Yield: 
94%). 

50 Melting point: 149-154 °C. 

1H NMR (CDCI3) 8 1.28 (6H, s), 1.32 (6H, brs), 2.02 (2H, s), 2.76 (2H, s), 3.94 (3H, s), 6.65 (1H, s), 7.29-7.59 (8H, 
m), 8.95-9.20 (1H,m). 

EXAMPLE 442 

55 

N-[3'-(3,4,8,9-Tetrahydro-6-methox^^ 

[1 175] The title compound was obtained from S'-tS^.S.g-tetrahydro-e-methoxy-S.S.S.e-tetramethylfuro^.S-hJisoqui- 
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nolin-1 -yl)[1 ,1 '-biphenyl]-4-amine and benzoyl chloride by the method similar to that in EXAMPLE 30. Quantitative. 
Melting point: 204-207 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) 5 1.27 (6H, s), 1.30 (6H, s), 2.27 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.63 (1H, s), 7.34-7.38 (1H, m), 
7.42-7.64 (8H, m), 7.67-7.73 (2H, m), 7.87-7.92 (2H, m), 7.94-8.07 (1H, m). 

5 

EXAMPLE 443 

^'-(S^.S.g-tetrahydro-e-methoxy-S.S.e.S-tetramethylfurop.S-hlisoquinolin-l-yOIl ,1'-biphenyl]-4-yl]carbamic acid 
methyl ester 

10 

[1 1 76] A solution of sodium carbonate (72 mg, 0.68 mmol) in water (0.5 mL) was added to a solution of 3'-(3,4,8,9-tet- 
rahydro-6-methoxy-3,3 } 8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1 ,1'-biphenyl]-4-amine (192 mg, 0.450 mmol) in tet- 
rahydrofuran (1 mL), and while cooling in ice, methyl chloroformate (43 uJ_, 0.54 mmol) was added thereto, and the 
mixture was stirred at the same temperature for 15 minutes. The reaction mixture was combined with water, and ex- 
'5 tracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium 
sulfate, filtered and concentrated under reduced pressure. The residue was crystallized from ethyl acetate-diethyl ether 
to obtain the title compound (165 mg, Yield: 76%). 
Melting point: 129-133 °C. 

1 H NMR (CDCI3) 8 1.27 (6H, s), 1.30 (6H, s), 2.26 (2H, s), 2.71 (2H, s), 3.79 (3H, s), 3.93 (3H, s), 6.63 (1H, s), 6.69 
20 (1 H, br s), 7.34 (1 H, dt, J = 7.7, 1 .5 Hz), 7.39-7.49 (3H, m), 7.52-7.63 (4H, m). 

EXAMPLE 444 

N-p'-tS^.S^-Tetrahydro-e-methoxy-S.S.S.S-tetramethylfuroP.S-hlisoquinolin-l-ylJfl.l'-biphenyO^-ylJformamide 

25 

[1177] Formic acid (0.5 mL) was treated dropwise with acetic anhydride (0.13 mL, 1 .4 mmol) with cooling in ice, and 
the mixture was stirred at the same temperature for 30 minutes. 3'-(3,4,8 J 9-Tetrahydro-6-methoxy-3,3,8,8-tetrameth- 
ylfuro[2,3-h]isoquinolin-1 -yl)[1 ,1 '-biphenyl]-4-amine (1 92 mg,0.450 mmol) was added to the resultant solution and the 
mixture was stirred at room temperature for 1 .5 hours. To a suspension of sodium hydrogen carbonate (1 .85 g, 22.0 
30 mmol) in water-ethyl acetate, the reaction mixture was added dropwise, and the mixture was extracted twice with ethyl 
acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and con- 
centrated under reduced pressure. The residue was crystallized from ethyl acetate to obtain the title compound (196 
mg, Yield: 96%). 
Melting point: 129-133 °C. 

35 1 H NMR (CDCI3) 8 1 .24-1 .32 (12H, m), 2.26 (2H, s), 2.73 (2H } s), 3.93 (3H, s), 6.63 (1 H, s), 7.05-7.1 7 (1 H f m), 7.32-7.64 
(8H, m), 8.36 (0.6H, d, J = 1 .8 Hz), 8.72 (0.4H, d, J = 11 .2 Hz). 

EXAMPLE 445 

40 2-(Acetylamino)-N-[3 , -(3,4,8 l 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoguinoH 
4-yl]acetamide 

[1178] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1 00 mg, 0.522 mmol) was added to a solution 
of S'-fSAS^-tetrahydro-e-methoxy-S.S.B.S-tetra^ (171 mg, 

45 0.401 mmol), N-acetylglycine (52 mg, 0.44 mmol) and 1 -hydroxy-1 H-benzotriazole (68 mg, 0.44 mmol) in N,N-dimeth- 
ylformamide (0.5 mL) and the mixture was stirred at room temperature for 1 6 hours. The reaction mixture was combined 
with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. 
The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated 
under reduced pressure. The residue was recrystallized from chloroform-diethyl ether to obtain the title compound (1 82 

so mg, Yield: 86%). 

Melting point: 218-221 °C. 

1 H NMR (CDCI3) 8 1 .28 (6H, s), 1 .29 (6H, s), 2.1 0 (3H, s), 2.52 (2H, s), 2.73 (2H, s), 3.93 (3H, s), 4.08 (2H, d, J = 5.4 
Hz), 6.45-6.55 (1 H, m), 6.63 (1 H, s), 7.31-7.36 (1 H, m), 7.43 (1 H, t, J = 7.7 Hz), 7.49-7.60 (6H, m), 8.73-8.87 (1 H, m). 

55 
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EXAMPLE 446 

N-Methyl-N4343,4 ) 8,9-tetrahydro-6-methoxy-3 f 3,^^ 

5 [1179] A solution of 3'-(3,4,8,9-tetrahydro-6-methoxy^^ 

4-amlne (1 71 mg, 0.401 mmol) in chloroform (1 mL) was treated dropwise with methyl isocyanate (26 jiL, 0.44 mmol) 
and stirred at room temperature for 3.5 hours. The reaction mixture was concentrated under reduced pressure, and 
the residue was subjected to a column chromatography on a basic silica gel (ethyl acetate) to obtain the title compound 
(186 mg, Yield: 96%). 

10 Amorphous. 

1 H NMR (CDCI 3 ) 5 1 .29 (12H, s), 2.25 (2H, s), 2.74 (2H, s), 2.77 (3H, d, J = 4.5 Hz), 3.93 (3H, s), 5.05 (1 H, br s), 6.64 
(1H, s), 6.98 (1H, br s), 7.25-7.33 (3H, m), 7.38-7.45 (3H, m), 7.49-4.57 (2H, m). 

EXAMPLE 447 

15 

4-Oxo-4-[[3'-(3,4,8,9-tetrahydro-6-methox 
butyric acid 

[1180] A solution of succinic anhydride (45 mg, 0.45 mmol) in tetrahydrofuran (0.5 mL) was added to a solution of 
20 3 , -(3,4 l 8,9-tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2 I 3-h]isoquinolin-1-yl)[1,1'-biph 

mmol) in tetrahydrofuran (1 mL) and the mixture was stirred at 50 °C for 2.5 hours. The reaction mixture was concen- 
trated under reduced pressure, and the residue was subjected to a column chromatography on a silica gel (chloroform 
followed by chloroform/methanol 5:1) to obtain the title compound (219 mg, Yield: 92%). 
Amorphous. 

25 1h NMR (CDCI3) 5 1.26 (6H, s), 1.38 (6H, br s), 2.24 (2H, s), 2.46 (4H, brs), 2.81 (2H, s), 3.94 (3H, s), 6.65 (1H, s), 
7.25-7.60 (7H, m), 7.61 (1H, s), 9.45-9.75 (1H, br). 

EXAMPLE 448 

30 N-Methyl-N-[3'-(3,4,8,9-tetrahydro-6-methoxy^^ 
acetamide 

[1181] The title compound was obtained from N-[3 , -(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]iso- 
quinolin-1-y1)[1,1MDiphenyl]-4-yl]acetamide by the method similar to that in EXAMPLE 74. Yield: 79% 
35 Amorphous 

1 H NMR (CDCI3) 5 1.27 (6H, s), 1.30 (6H, s), 1.92 (3H, s), 2.26 (2H, s), 2.71 (2H, s), 3.29 (3H, s), 3.93 (3H, s), 6.63 
(1H, s), 7.20-7.30 (2H, m), 7.34 (1H, dt, J = 7.6, 1.5 Hz), 7.48 (1H, t, J = 7.6 Hz), 7.58-7.69 (4H, m). 

EXAMPLE 449 

40 

3 , -{6-Butoxy-3 I 4,8,94etrahydro-3,3 I 8 I 8-tetramethylfuro[2 l 3-h]isoquinolin-1-yl)[1,^ 

[1182] To a solution of l-tS-bromophenyO-e-butoxy-S^.S.g-tetrahydro-S.S.e.S-tetramethylfurop.S-hjisoquinoline hy- 
drochloride (493 mg, 1 .00 mmol) in 1 ,2-dimethoxyethane (3 mL), ethanol (1 .5 mL) and water (1 .5 mL), sodium carbonate 

45 (265 mg, 2.50 mmol), 4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolane-2-yl)aniline (263 mg, 1 .20 mmol) and 

tetrakis(triphenylphosphine)palladium (0) (24 mg, 0.021 mmol) were added, and the mixture was stirred at 80 °C for 
14 hours. The reaction mixture was combined with water, and washed twice with ethyl acetate. The combined organic 
layer was washed with water, and extracted twice with 0.5 M hydrochloric acid. The aqueous layer was neutralized 
with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed with 

so water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was sub- 
jected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 3:1 followed by 2:1), and recrystallized 
from ethyl acetate-hexane to obtain the title compound (373 mg, Yield: 80%). 
Melting point: 148-150 °C. 

1 H NMR (CDCI3) 8 0.98 (3H, t, J = 7.3 Hz), 1 .26 (6H, s), 1 .28 (6H, s), 1 .38-1 .60 (2H, m), 1 .74-1 .91 (2H, m), 2.24 (2H, 
55 S ), 2.68 (2H, s), 3.72 (2H, brs), 4.10 (2H, t, J = 6.9 Hz), 6.61 (1H, s), 6.74 (2H, d, J = 8.4 Hz), 7.25-7.32 (1H, m), 
7.35-7.47 (3H, m), 7.51-7.59 (2H, m). 
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EXAMPLE 450 

N-[3'-(6-Butoxy-3,4 t 8,9-tetrahyd^ 

5 [11 83] The title compound was obtained from N-a'^e-butoxy-S^.S.Q-tetrahydro-S.S.S.S-tetramethylfuro^^-hlisoqui- 
nolin-1-yl)[1,1'-biphenyl]-4-amine by the method similar to that in EXAMPLE 30. Yield: 95%. 
Melting point: 202-204 °C (ethyl acetate-di ethyl ether). 

1 H NMR (CDCI 3 ) 5 0.98 (3H, t, J = 7.4 Hz), 1 .28 (12H, s), 1 .38-1 .59 (2H, m), 1 .74-1 .91 (2H, m), 2.15 (3H, s), 2.23 (2H, 
s), 2.70 (2H, s), 4.11 (2H, t, J = 6.8 Hz), 6.62 (1H, s), 7.29-7.60 (8H, m), 7.72 (1H, brs). 

10 

EXAMPLE 451 

4-Amino-3 , -(3,4,8,9-tetrahydro-6-metho 
acid methyl ester 

15 

[1184] A suspension of 1-(3-bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline 
(1.66 g, 4.01 mmol), 2-amino-5-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)benzoic acid methyl ester (1 .22 g, 4.40 
mmol), sodium carbonate (637 mg, 6.01 mmol) and tetrakis(triphenylphosphine)palladium (0) (93 mg, 0.080 mmol) in 
1 ,2-dimethoxyethane (12 mL), ethanol (6 mL) and water (6 mL) was stirred at 85 °C for 14 hours under nitrogen 

20 atmosphere. The reaction mixture was combined with water, and extracted twice with ethyl acetate. The combined 
organic layer was washed with water and brine, dried over sodium sulfate-basic silica gel (eluting with ethyl acetate), 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 
gel (hexane/ethyl acetate, 3:1). The resultant material was dissolved in ethyl acetate, extracted twice with 0.5 M hy- 
drochloric acid, neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic 

25 layer was washed twice with water, and concentrated under reduced pressure to obtain the title compound (1 .85 g, 
yield: 95%). 
Amorphous. 

1 H NMR (CDCI3) 8 1 .27 (6H, s), 1 .31 (6H, s), 2.28 (2H, s), 2.71 (2H, s), 3.89 (3H, s), 3.93 (3H, s), 5.79 (2H, br s), 6.63 
(1 H, s), 6.73 (1 H, d, J = 8.4 Hz), 7.32 (1 H, dt, J = 7.3, 1 .5 Hz), 7.38-7.47 (1 H, m), 7.51 -7.59 (3H, m), 8.1 1 (1 H, d, J = 
30 2.2 Hz). 

EXAMPLE 452 

4-(Acetylamino)-3'-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin- 
35 3-carboxylic acid methyl ester 

[1 1 85] A solution of 4-amino-3 , -(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)[1 ,1 '-bi- 
phenyl]-3-carboxylic acid methyl ester (1 .43 g, 2.95 mmol) in pyridine (10 mL) was treated dropwise with acetic anhy- 
dride (0.28 mL, 3.0 mmol) with cooling in ice, and stirred at room temperature for 10 minutes and then at 60 °C for 1 

40 hour. The same volume of acetic anhydride was added to the mixture, and the mixture was stirred at 100 °C for 2 
hours. The reaction mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, 
and extracted with ethyl acetate. The combined organic layer was washed twice with water, and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 
4:1 followed by 2:1), and recrystallized from ethyl acetate-hexane to obtain the title compound (1.12 g, yield: 72%). 

45 Melting point: 116-119 °C. 

1 H NMR (CDCI3) 6 1 .27 (6H, s), 1 .31 (6H, s), 2.26 (3H, s), 2.27 (2H, s), 2.72 (2H, s), 3.93 (3H, s), 3.95 (3H, s), 6.63 
(1 H, s), 7.39 (1 H, dt, J = 7.3, 1 .6 Hz), 7.47 (1 H, td, J = 7.3, 1 .2 Hz), 7.56-7.64 (2H, m), 7.79 (1 H, dd, J = 8.8, 2.4 Hz), 
8.26 (1H, d, J = 2.4 Hz), 8.78 (1H, d, J = 8.8 Hz), 11,07 (1H, brs). 

50 EXAMPLE 453 

4-(Acetylamino)-3'-(3,4,8 ) 9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1,1 , -biphenyl]- 
3-carboxylic acid 

55 [1186] 5 M aqueous solution of sodium hydroxide (0.52 mL, 2.6 mmol) was added to a solution of 4-(acetylamino)- 
^-(S^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hjisoquinolin-l-ylJtl.r-biphenylJ-S-carboxylic acid me- 
thyl ester (692 mg, 1 .32 mmol) in methanol (5 mL) and the mixture was stirred at room temperature for 40 minutes and 
then heated under reflux for 10 minutes. The reaction mixture was concentrated under reduced pressure, combined 
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with water (2 mL), and neutralized by adding 2 M hydrochloric acid (1 .3 mL, 2.6 mmol) dropwise, and the precipitated 
powder was recovered by filtration, washed with water and diethyl ether to obtain the title compound (671 mg, quan- 
titative). 

Melting point: 181-186°C. 

5 1H NMR (DMSO-d 6 ) 6 1 .20 (6H, s), 1 .22 (6H, s), 2.14 (3H, s), 2.28 (2H, s), 2.76 (2H, s), 3.85 (3H, s), 6.88 (1 H, s), 7.38 
(1H, d, J = 7.6 Hz), 7.55 (1 H, t, J = 7.6 Hz), 7.63 (1H, s), 7.81 (1H, d, J = 7.6 Hz), 7.84-7.93 (1H, m), 8.24 (1H, d J = 
2.2 Hz), 8.55 (1 H, d, J = 8.8 Hz), 11 .75 (1 H, br s). 

EXAMPLE 454 

10 

N-[4'-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetrameth^^ 

[1187] 4 , -(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)acetanilide(116 mg, 0.444 mmol) and tetrakis(triphenylphos- 
phine)palladium (0) (11 mg, 0.0095 mmol) were added to a suspension of 1-(4-bromophenyl)-3,4,8,9-tetrahydro- 

15 6-methoxy-3,3 ( 8,8-tetramethylfuro[2,3-h]isoquinoline hydrochloride (1 81 mg, 0.402 mmol) and sodium carbonate (1 49 
mg, 1 .41 mmol) in 1 ,2-dimethoxyethane (1 .2 mL), ethanol (0.6 mL) and water (0.6 mL) and the mixture was stirred at 
85 °C for 15 hours under nitrogen atmosphere. The reaction mixture was combined with water, and washed twice with 
ethyl acetate. The combined organic layer was washed with water and brine, and dried through sodium sulfate-basic 
silica gel (eluting with ethyl acetate) and then concentrated under reduced pressure. The residue was subjected to a 

20 column chromatography on a basic silica gel (hexane/ethyl acetate, 2:1 followed by 1:1), and crystallized from ethyl 
acetate-hexane to obtain the title compound (102 mg, yield: 54%). 
Melting point: 128-132 °C. 

1 H NMR (CDCI 3 ) 6 1.26 (6H, s), 1.33 (6H, s), 2.21 (3H, s), 2.32 (2H, s), 2.70 (2H, s), 3.93 (3H, s), 6.62 (1H, s), 7.23 
(1H, brs), 7.46 (2H, d, J = 8.6 Hz), 7.56-7.64 (4H, m), 7.60 (2H, d, J = 8.6 Hz). 

25 

EXAMPLE 455 

N-[4 , -(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1,1'-biphenyl]-3-yl]acetam 

30 [1188] The title compound was obtained from 3-acetamidobenzeneboronic acid by the method similar to that in 
EXAMPLE 454. Yield: 84%. 
Amorphous. 

1 H NMR (CDCI3) 5 1 .27 (6H, s), 1 .33 (6H, s), 2.20 (3H, s), 2.31 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.63 (1 H, s), 7.34-7.66 
{8H,m), 7.79 (1H, brs). 

35 

EXAMPLE 456 

3'-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-teto^ acid ethyl 

ester 

40 

[1189] A suspension of l-JS-bromophenyO-S^.S^-tetrahydro-e-methoxy-S.S.e.S-tetramethylfurop.S-hlisoquinoline 
(2.81 g, 6.78 mmol), 4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)benzoic acid ethyl ester (2.25 g, 8.15 mmol), so- 
dium carbonate (1 .08 g, 1 0.2 mmol) and 

tetrakis(triphenylphosphine)palladium (0) (157 mg, 0.136 mmol) in 1 ,2-dimethoxyethane (24 mL), ethanol (12 mL) and 
45 water (12 mL) was stirred at 80 °C for 14 hours under nitrogen atmosphere. The reaction mixture was combined with 
water and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried 
through sodium sulfate-basic silica gel (eluting with ethyl acetate), and concentrated under reduced pressure. The 
residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 10:1) to obtain the title 
compound (2.87g, yield: 88%). 
50 Amorphous. 

1 H NMR (CDCI3) 5 1 .27 (6H, s), 1 .30 (6H, s), 1 .42 (3H, t, J = 7.1 Hz), 2.26 (2H, s), 2.72 (2H, s), 3.93 (3H, s), 4.40 (2H, 
q, J = 7.1 Hz), 6.63 (1H, s), 7.37-7.54 (2H, m), 7.62-7.71 (4H, m), 8.10 (2H, d, J = 8.4 Hz). 

EXAMPLE 457 

55 

S'-fS^.S^-Tetrahydro-e-methoxy-S.S.S.e-tetramethylfurop.S-hjisoquinolin-l -yl)[1 ,1 '-biphenyl]-4-carboxylic acid 

[1 1 90] 1 M aqueous solution of sodium hydroxide (20 mL, 20 mmol) was added to a solution of 3'-(3,4,8,9-tetrahydro- 
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6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1 .I'-biphenylJ^-carboxylic acid ethyl ester (2.74 g, 5.67 
mmol) in ethanol (15 ml_) and the mixture was stirred at 70 °C for 30 minutes. The reaction mixture was cooled with 
ice, combined with 1 M hydrochloric acid (20 mL, 20 mmol), saturated with sodium chloride, and then extracted three 
times with ethyl acetate. The combined organic layer was dried over sodium sulfate, filtered and concentrated under 
5 reduced pressure. The residue was crystallized from ethyl acetate-diethyl ether to obtain the title compound (2.26 g, 
yield: 87%). 

Melting point: 161-165 °C. 

1 H NMR (DMSO-d 6 ) 5 1.17 (6H, s), 1 . 1 9 (6H, s), 2.26 (2H, s), 2.67 (2H, s), 3.82 (3H, s), 6.84 (1 H, s), 7.40 (1 H, d, J = 
7.7 Hz), 7.56 (1H, t, J = 7.7 Hz), 7.67 (1H, s), 7.79-7.87 (3H, m), 8.03 (2H, d, J = 8.4 Hz). 

10 

EXAMPLE 458 

S'-tS^.S.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoquinolin-l -yl)[1 ,1 '-biphenyl]-4-carboxamide 

*5 [1191] 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (200 mg, 1 .04 mmol) was added to a suspen- 
sion of S'-tS^.e.g-tetrahydro-e-methoxy-S.S.S.e-tetramethylfurop.S-hlisoquinolin-l-y^l ,1'-biphenyl]-4-carboxylic ac- 
id (365 mg, 0.801 mmol) and 1 -hydroxy- 1 H-benzotriazole ammonium salt (147 mg, 0.966 mmol) in N.N-dimethylfor- 
mamide (1 .5 mL) and the mixture was stirred at room temperature for 15 hours. The reaction mixture was combined 
with water and saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The 

20 combined organic layer was washed with water and a brine, dried over sodium sulfate, filtered and concentrated under 
reduced pressure. The residue was crystallized from ethyl acetate-hexane to obtain the title compound (286 mg, yield: 
79%). 

Melting point: 134-137 °C (decomposition). 

1 H NMR (CDCI 3 ) 8 1 .27 (6H, s), 1 .30 (6H, s), 2.25 (2H, s), 2.72 (2H, s), 3.93 (3H, s), 5.50-6.40 (2H, m), 6.63 (1 H, s), 
25 7.39-7.54 (2H, m), 7.61-7.63 (2H, m), 7.69 (2H, d, J = 8.5 Hz), 7.88 (2H, d, J = 8.5 Hz). 

EXAMPLE 459 

N-Methyl-S'-JS^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoquinolin-l-yOflJ'-biphenyl]- 
30 4-carboxamide 

[1 192] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (200 mg, 1 .04 mmol) was added to a suspen- 
sion of ^-(S^.S.g-tetrahydro-e-methoxy-S.S^.S-tetramethylfurop.S-hlisoquinolin-l -yl)[1 ,1 '-biphenyl]-4-carboxylic ac- 
id (365 mg, 0.801 mmol), 40% methylamine/methanol solution (75 mg, 0.97 mmol) and 1-hydroxy-1 H-benzotriazole 

35 (135 mg, 0.880 mmol) in N,N-dimethylformamide (1 .5 mL) and the mixture was stirred at room temperature for 20 
hours. The reaction mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, 
and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried through 
sodium sulfate-basic silica gel (eluting with ethyl acetate), and concentrated under reduced pressure. The residue was 
crystallized from ethyl acetate-hexane to obtain the title compound (317 mg, yield: 84%). 

40 Melting point: 242-244 °C. 

1 H NMR (CDCI3) 8 1 .27 (6H, s), 1 .30 (6H, s), 2.25 (2H, s), 2.72 (2H, s), 3.04 (3H, d, J = 4.8 Hz), 3.93 (3H, s), 6.15-6.30 
(1 H, m), 6.63 (1 H, s), 7.37-7.53 (2H, m), 7.59-7.70 (2H, m), 7.66 (2H, d, J = 8.4 Hz), 7.82 (2H, d, J = 8.4 Hz). 

EXAMPLE 460 

45 

N,N , -Dimethyl-3 , -(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1^ 
4-carboxamide 

[1193] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (200 mg, 1 .04 mmol) was added to a suspen- 
se sion of 3 , -(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 ) 3-h]isoquinolin-1-yl)[1 I 1 , -biphenyl]-4-carboxyib ac- 
id (365 mg, 0.801 mmol), 2 M dimethylamine/tetrahydrofuran solution (0.48 mL, 0.96 mmol) and 1-hydroxy-1 H-ben- 
zotriazole (135 mg, 0.880 mmol) in N,N-dimethyrformamide (1 .5 mL) and the mixture was stirred at room temperature 
for 17 hours. The reaction mixture was combined with water and a saturated aqueous solution of sodium hydrogen 
carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed with water and brine, dried 
55 through sodium sulfate-basic silica gel (eluting with ethyl acetate), concentrated under reduced pressure to obtain the 
title compound (319 mg, yield: 83%). 
Amorphous. 

1H NMR (CDCI3) 8 1 .27 (6H, s), 1 .30 (6H, s), 2.25 (2H, s), 2.71 (2H, s), 3.03 (3H, br s), 3.12 (3H, br s), 3.93 (3H, s), 
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6.63 (1H, s), 7.36-7.53 (4H, m), 7.58-7.68 (4H, m). 
EXAMPLE 461 

N-[3'-(3,4,8,9-Tetrahydro-6-hydroxy-3,3,8,8^^ 

[1194] A suspension of 1-(3-bromophenyl)-3,4,8,9-tetrahydro-3,3,8^ (1.40 g, 

3.50 mmol). 4'-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)acetanilide (1.01 g, 3.87 mmol), sodium carbonate (927 
mg, 8.75 mmol) and tetrakis(triphenylphosphine)palladium (0) (81 mg, 0.070 mmol) in 1 ,2-dimethoxyethane (10 mL), 
ethanol (5 mL) and water (5 mL) was stirred at 80 °C for 14 hours under nitrogen atmosphere. The reaction mixture 
was combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed with brine, 
dried through sodium sulfate-basic silica gel (eluting with ethyl acetate followed by ethyl acetate/m ethanol, 10:1) and 
concentrated under reduced pressure, and the precipitated powder was recovered by filtration, washed with ethyl 
acetate-diethyl ether mixture to obtain the title compound (921 mg, yield: 58%). 
Melting point: 185-189 °C. 

1 H NMR (DMSO-d 6 ) 51.14 (6H, s), 1.19 (6H, s), 2.06 (3H, s), 2.23 (2H, s). 2.56 (2H, s), 6.56 (1 H, s), 7.29 (1 H, d, J = 
7.6 Hz), 7.42-7.77 (7H, m), 10.05 (1H, s). 

EXAMPLE 462 

1-[4'-(Acetylamino)[1 J'-W^^ 
trifluoromethanesulfonate 

[1195] The title compound was obtained from N-P'-fS^.S.g-tetrahydro-e-hydroxy-S.S.S.S-tetramethylfurop.S-hliso- 
quinolin-1-yl)[1 ,1'-biphenyll-4-yl]acetamide by the method similar to that in EXAMPLE 95. Yield: 96%. 
Amorphous 

1 H NMR (CDCI 3 ) 5 1 .28 (6H, s), 1 .29 (6H, s), 2.13-2.23 (3H, m), 2.30 (2H, s), 2.72 (2H, s), 6.95 (1 H, s), 7.29-7.70 (9H, m). 
EXAMPLE 463 

N-fS'-fSAS.g-Tetrahydro-S.S.S^-teto^ 

[1196] Formic acid (64 ul, 1.7 mmol) was added to a solution of 1-[4'-(acetylamino)[1 ,1'-biphenyl]-3-yl]-3,4,8,9-tet- 
rahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-6-yl trifluoromethanesulfonate (496 mg, 0.846 mmol), triethylamine 
(0.35 mL, 2.5 mmol), palladium (II) acetate (4.7 mg, 0.021 mmol) and triphenylphosphine (11 mg, 0.042 mmol) in N, 
N-dimethylformamide (1 .5 mL) and the mixture was stirred at 60 °C for 4 hours under nitrogen atmosphere. The reaction 
mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, and extracted 
twice with ethyl acetate. The combined organic layer was washed with water and brine, dried through sodium sulfate- 
basic silica gel (eluting with ethyl acetate), and concentrated under reduced pressure. The residue was subjected to 
a column chromatography on a basic silica gel (hexane/ethyl acetate, 2:1 followed by 1:1), crystallized from ethyl 
acetate-hexane to obtain the title compound (294 mg, yield: 79%). 
Melting point: 198-200 °C. 

1 H NMR (CDCI 3 )5 1.26 (6H, s), 1.28 (6H, s), 2.16 (3H, s), 2.24 (2H, s), 2.72 (2H, s), 6.76 (1H, d, J = 7.8 Hz), 6.99 
(1 H, d, J = 7.8 Hz), 7.35 (1 H, dt, J = 7.4, 1 .4 Hz), 7.44 (1 H, td, J = 7.4, 1 .0 Hz), 7.49-7.62 (7H, m). 

EXAMPLE 464 

1-(3-Bromophenyl)-3,4,8 ) 9-tetrahydro-3,3,8,8-tetramethyl-6-furo[2,3-h]isoquinolin-6-yl trifluoromethanesulfonate 

[1197] The title compound was obtained from 1-(3-bromophenyl)-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h] 
isoquinolinol by the method similar to that in EXAMPLE 95. 
Quantitative. 
A gum. 

1 H NMR (CDCI3) 5 1 .25 (6H, s), 1 .34 (6H, s), 2.29 (2H, s), 2.69 (2H, s), 6.95 (1 H, s), 7.14-7.38 (2H, m), 7.53-7.60 (2H, m). 
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EXAMPLE 465 

3^3,4,8, 9-Tetrahydro-3,3, 8, 8-tetramethylfu^ 

5 [1198] Formic acid (0.73 mL, 19 mmol) was added to a solution of 1-(3-bromophenyl)-3,4,8,9-tetrahydro-3,3,8,8-te- 
tramethylfuro[2,3-h]isoquinolin-6-yl trifluoromethanesulfonate (5.13 g, 9.64 mmol), triethylamine (4.0 mL, 29 mmol), 
palladium (II) acetate (54 mg, 0.24 mmol) and triphenylphosphine (126 mg, 0.480 mmol) in N,N-dimethylformamide 
(20 mL) and the mixture was stirred at 65 °C for 2 hours under nitrogen atmosphere. The reaction mixture was combined 
with water and saturated aqueous solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The 

10 combined organic layer was washed with water and brine, dried through sodium sulfate-basic silica gel (eluting with 
ethyl acetate), and concentrated under reduced pressure. The residue was subjected to a column chromatography on 
a silica gel (hexane/ethyl acetate, 10:1) to obtain an oil containing 1-(3-bromophenyl)-3,4,8,9-tetrahydro-3,3,8,8-te- 
tramethylfuro[2,3-h]isoquinoline. 

[1199] This material, 4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)aniline (1.21 g, 5.52 mmol), sodium carbonate 
15 (795 mg, 7.50 mmol) and tetrakis(triphenylphosphine)palladium (0) (116 mg, 0.100 mmol) were suspended in 
1 ,2-dimethoxyethane (15 mL), ethanol (7 mL) and water (7 mL), and the mixture was stirred at 80 °C for 15 hours 
under nitrogen atmosphere. The reaction mixture was combined with water and extracted twice with ethyl acetate. The 
combined organic layer was washed with water and brine, dried through sodium sulfate-basic silica gel (eluting with 
ethyl acetate), and concentrated under reduced pressure. The residue was subjected to a column chromatography on 
20 a basic silica gel (hexane/ethyl acetate, 10:1 followed by 2:1), and crystallized from ethyl acetate-hexane to obtain the 
title compound (1 .35g, yield: 35%). 
Melting point: 161-163 °C. 

1H NMR (CDCI 3 ) 5 1 .25 (12H, s), 2.24 (2H, s), 2.70 (2H, s), 3.73 (2H, br s), 6.74 (2H, d, J = 8.4 Hz), 6.75 (1 H, d, J = 
8.0 Hz), 6.98 (1H, d, J = 8.0 Hz), 7.27-7.34 (1H, m), 7.36-7.48 (3H, m), 7.54-7.60 (2H, m). 

25 

EXAMPLE 466 

2,2 J 2-Trifluoro-N-[3 , -(3,4,8,9-tetrahydro 

30 [1200] The title compound was obtained from 3 , -(3,4,8,9-tetrahydro-3,3,8,8-tetramethylfurot2,3-h]isoquinolin-1-yl) 
[1 ,1'-biphenyl]-4-amine by the method similar to that in EXAMPLE 441 . Yield: 83%. 
Melting point: 228-230 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .25 (6H, s), 1.30 (6H, s), 2.19 (2H, s), 2.75 (2H, s), 6.78 (1H, d, J = 7.9 Hz), 7.01 (1H, d, J = 7.9 
Hz), 7.31-7.62 (8H, m), 8.82 (1H, brs). 

35 

EXAMPLE 467 

4-[[[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2 ) 3-h]isoquinolin-1-yl)phenyl]amino]carbonyl]benzoic 
acid methyl ester 

40 

[1201] Terephthaloyl monomethyl chloride (1.91 g, 9.62 mmol) was added to a solution of 3-(3,4,8,9-tetrahydro- 
e-methoxy-S.S.S.S-tetramethylfuro^.S-hJisoquinolin-l -yi)benzenamine (2.81 g, 8.02 mmol) and triethylamine (1 .5 mL, 
1 1 mmol) in tetrahydrofuran (1 5 mL) with cooling in ice, and the mixture was stirred at room temperature for 1 0 minutes. 
The reaction mixture was combined with water, and extracted twice with ethyl acetate. The combined organic layer 
^5 was washed with a saturated aqueous solution of sodium hydrogen carbonate, water and brine, dried through sodium 
sulfate-basic silica gel (eluting with ethyl acetate), and concentrated under reduced pressure. The residue was sub- 
jected to a column chromatography on a basic silica gel (hexane/ethyl acetate, 2:1 followed by 1 :1), and recrystallized 
from ethyl acetate-hexane to obtain the title compound (3.75 g, yield: 91%). 
Melting point: 156-1 60 °C. 

so 1H NMR (CDCI3) 5 1.16 (6H, brs), 1.33 (6H, s), 2.34 (2H, s), 2.60 (2H, brs), 3.92 (3H, s), 3.96 (3H, s), 6.59 (1H, s), 
7.13 (1H, d, J = 7.7 Hz), 7.37 (1H, t, J = 7.7 Hz), 7.56 (1H, t, J = 1.8 Hz), 7.89-7.98 (3H, m), 8.12 (2H, d, J - 7.8 Hz), 
8.66 (1H, br s). 
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EXAMPLE 468 

4-[[[3-(3A8,9-Tetrahydro-6-me 
acid hydrochloride 

5 

[1 202] 5 M aqueous solution of sodium hydroxide (0.50 mL, 2.5 mmol) was added to a solution of 4-[[[3-(3,4,8,9-tet- 
rahydro-6-methoxy-3,3,83-tetramethylfuro[2.3-h]isoquinolin-1 -yl)phenyl]amino]carbonyl]benzoic acid methyl ester 
(1 .03 g, 2.01 mmol) in methanol (10 mL) and the mixture was stirred at room temperature for 1 .5 hours and then heated 
under reflux for 1 .5 hours. The reaction mixture was concentrated under reduced pressure, and treated dropwise with 
10 1 m hydrochloric acid (5.0 mL, 5.0 mmol) with cooling in ice. Brine was added to the mixture, and the mixture was 
extracted twice with ethyl acetate-tetrahydrofuran mixture. The combined organic layer was dried over sodium sulfate, 
filtered and concentrated under reduced pressure to obtain the title compound (1 .06 g, yield: 99%). 
Amorphous. 

1 H NMR (CDCI 3 ) 5 1.34 (6H, s), 1.62 (3H, br s), 1.73 (3H, br s), 2.26-2.54 (2H, m), 2.94-3.24 (2H, m), 3.98 (3H, s), 
15 6.72 (1H, s), 7.24 (1H, d, J = 8.1 Hz), 7.47 (1H, t, J = 8.1 Hz), 7.83 (2H, d, J = 8.6 Hz), 7.90 (2H, d, J = 8.6 Hz), 8.25 
(1H, s), 8.35 (1H,d, J = 8.1 Hz), 10.01 (1H,brs), 12.88 (1H, br s). 

EXAMPLE 469 

20 N-Methyl-N'-p^S^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoquinolin-l-yOphenyl]- 
1 ,4-benzenedicarboxamide 

[1203] Triethylamine (0.17 mL, 1.2 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (125 
mg, 0.652 mmol) were added to a solution of 4-[[[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]iso- 

25 quinolin-1-yl)phenyl]amino]carbonyl]benzoic acid hydrochloride (268 mg, 0.501 mmol), 40% methylamine/methanol 
solution (55 mg, 0.56 mmol) and 1 -hydroxy-1 H-benzotriazole (85 mg, 0.56 mmol) in N,N-dimethylformamide (1 mL) 
and the mixture was stirred at room temperature for 24 hours. The reaction mixture was combined with water, and 
extracted twice with chloroform-methanol mixture. The combined organic phase was washed with brine, dried through 
sodium sulfate-basic silica gel (eluting with ethyl acetate/methanol, 10:1) and concentrated under reduced pressure. 

30 The residue was recrystallized from chloroform-methanol-diethyl ether to obtain the title compound (215 mg, Yield: 
84%). 

Melting point: 310-312 °C 

1 H NMR (DMSO-d 6 ) 5 1.15 (6H, s), 1.23 (6H, s), 2.33 (2H, br s), 2.64 (2H, s), 2.81 (3H, d, J = 4.5 Hz), 3.82 (3H, s), 
6.82 (1 H, s), 7.08-7.12 (1 H, m), 7.40 (1 H, t, J = 8.0 Hz), 7.77-7.81 (1 H, m), 7.88-7.94 (1 H, m), 7.95 (2H, d, J = S.3 Hz), 
35 8.04 (2H, d, J = 8.3 Hz), 8.57-8.63 (1H, m), 10.40 (1H, s). 

EXAMPLE 470 

2-[(3,4,8,9-Tetrahydro-6-methoxy-3,8,8-trimethyl-1-phenylfuro[2,3-h]isoquinolin-3-yl)methyl]-1H-isoi ,3(2H)- 
40 dione 

[1204] A suspension of 3-(bromomethyl)-3,4,8,9-tetrahydro-6-methoxy-3,8,8-trimethyl-1 -phenylfuro[2,3-h]isoquino- 
line (2.49 g, 6.01 mmol), potassium phthalimide (90%) (1.86 g, 9.0 mmol) in N,N-dimethylacetamide (25 mL) was 
heated under reflux for 2.5 hours under nitrogen atmosphere. The reaction mixture was combined with water, and 
45 extracted twice with ethyl acetate. The combined organic layer was washed twice with water, and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate, 2:1), 
crystallized from ethyl acetate-hexane, and recrystallized from methanol-acetone-hexane to obtain the title compound 
(1.56 g, yield: 54%). 
Melting point: 121-125 °C 

50 1H NMR (CDCI3) 51.19 (3H, s), 1 .22 (3H, s), 1 .38 (3H, s), 1 .97-2.19 (2H, m), 2.81 (1 H, d, J = 15.9 Hz), 3.02 (1 H, d, J 
= 15.9 Hz), 3.85 (1H, d, J = 13.6 Hz), 3.86 (3H, s), 3.96 (1H, d, J = 13.6 Hz), 6.54 (1H, s), 7.36-7.52 (5H, m), 7.61-7.80 
(4H, m). 

EXAMPLE 471 

55 

3,4,8,9-Tetrahydro-6-methoxy-3,8,8-trimethyl-1-phenyl-3-furo[2,3-h]isoquinolinemethanamine 

[1205] Hydrazine monohydrate (0.25 mL, 5.2 mmol) was added to a suspension of 2-[(3,4,8,9-tetrahydro-6-methoxy- 
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a.S.S-trimethyl-l-phenylfurop.S-hlisoquinolin-a-yOmethyO-IH-isoindole-l ,3(2H)-dione (2.08 g, 4.33 mmol) in ethanol 
(20 ml_) and heated under reflux for 4 hours with adding the same amount of the hydrazine monohydrate after 2 hours 
and after 3 hours. The reaction mixture was combined with 1 M aqueous solution of sodium hydroxide (9.0 mL, 9.0 
mmol), diluted with water, and extracted twice with ethyl acetate. The combined organic layer was washed twice with 
5 water, and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
silica gel (ethyl acetate/methanol, 100:1), and recrystallized from ethyl acetate-hexane to obtain the title compound 
(823 mg, Yield: 54%). 
Melting point: 143-145 °C 

1 H NMR (CDCI 3 ) 51.06 (3H, s), 1.29 (3H, s), 1.33 (3H, s), 2.16 (1H, d, J = 16.5 Hz), 2.25 (1H, d, J = 16.5 Hz), 2.49 
10 (1H, d, J = 15.4 Hz), 2.80 (1H, d, J = 12.6 Hz), 2.89 (1H, d, J = 12.6 Hz), 2.93 (1H, d, J = 15.4 Hz), 3.92 (3H, s), 6.63 
(1H,s), 7.39 (5H, s). 

EXAMPLE 472 

'5 (S^.S.g-Tetrahydro-e-methoxy-S.S-dimethyl-l-phenylfurop.S-hlisoquinolin-S-ylJmethyl acetate 

[1206] Phosphorus oxychloride (9.4 mL, 0.10 mol) was added to a suspension of 2-(benzoylamino)-3-(2,3-dihydro- 
7-methoxy-2,2-dimethyl-5-benzofuranyl)propyl acetate (3.34 g, 8.40 mmol) in acetonitrile (65 mL) and heated under 
reflux for 1 .5 hours. Water was poured into the reaction mixture, which was neutralized with cone, aqueous ammonia 
20 with cooling in ice, and extracted twice with ethyl acetate. The combined organic layer was washed twice with water, 
and concentrated under reduced pressure. The residue was recrystallized from ethyl acetate-hexane to obtain the title 
compound (2.62g, yield: 82%). 
Melting point: 168-169 °C. 

1 H NMR (CDCI3) 5 1 .28 (3H, s), 1 .36 (3H, s), 2.12 (3H, s), 2.1 9 (1 H, d, J = 8.1 Hz), 2.31 (1 H, d, J = 8.1 Hz), 2.52-2.79 
25 (2H, m), 3.54-3.76 (1H, m), 3.93 (3H, s), 4.34 (1H, dd, J = 11.0, 6.6 Hz), 4.54 (1H, dd, J = 11.0, 6.2 Hz), 6.68 (1H, s), 

7.42 (5H, s). 

EXAMPLE 473 

30 3,4,8,9-Tetrahydro-6-methoxy-8,8-dimethyl-1-phenyl-3-furo[2,3-h]isoquinolinemethanol 

[1 207] 5 M aqueous solution of sodium hydroxide (1 .6 mL, 8.0 mmol) was added to a solution of (3,4,8, 9-tetrahydro- 
6-methoxy-8,8-dimethyl-1 -phenylfuro[2,3-h]isoquinolin-3-yl)methyl acetate (1 .00 g, 2.64 mmol) in methanol (5 mL) and 
tetrahydrofuran (5 mL), and the mixture was stirred at room temperature for 10 minutes. The reaction mixture was 
35 combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed twice with water, 
and concentrated under reduced pressure. The residue was recrystallized from ethyl acetate-diisopropyl ether to obtain 
the title compound (553 mg, yield: 62%). 
Melting point: 156-158 °C 

1H NMR (CDCI3) 5 1.28 (3H, s), 1.38 (3H, s), 2.21 (1H, d, J = 8.1 Hz), 2.35 (1H, d, J = 8.1 Hz), 2.51-2.70 (2H, m), 
40 2.90-3.15 (1H, br), 3.36-3.57 (1H, m), 3.76 (1H, dd, J = 10.7, 7.7 Hz), 3.87-4.03 (1H, m), 3.93 (3H, s), 6.68 (1H, s), 

7.43 (5H,s). 

EXAMPLE 474 

45 2-[(3,4,8,9-Tetrahydro-6-methoxy 
dione 

[1208] A solution of 3,4,8,9-tetrahydro-6-methoxy-8,8-dimethyl-1-phenyl-3-furo[2,3-h]isoquinolinemethanol (793 
mg, 2.35 mmol) in pyridine (10 mL) was cooled with ice, treated dropwise with methanesulfonyl chloride (0.22 mL, 2.8 

50 mmol), stirred at the same temperature for 30 minutes, treated further with methanesulfonyl chloride (0.04 mL, 0.05 
mmol), and stirred further for 30 minutes. The reaction mixture was combined with water and a saturated aqueous 
solution of sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed 
twice with water and concentrated under reduced pressure. The residue was combined with toluene, and concentrated 
under reduced pressure again to obtain (3 l 4 l 8 l 9-tetrahydro-6-methoxy^ l 8-dimethyl-1-phenylfuro[2 l 3-h]isoquinolin- 

55 3-yl)methyl methanesulfonate. 

[1209] This was dissolved in N.N-dimethylfoimamide, potassium phthalimide (90%, 725 mg, 3.5 mmol) was added 
thereto, and the mixture was stirred at 100 °C for 4.5 hours. The reaction mixture was combined with water, and 
extracted twice with ethyl acetate. The combined organic layer was washed twice with water, and concentrated under 
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reduced pressure. The residue was crystallized from ethyl acetate-diisopropyl ether to obtain the title compound (337 

mg, yield: 31%). 

Melting point: 228-229 °C 

1H NMR (CDCI 3 ) 5 1.26 (3H, s), 1.34 (3H, s), 2.18 (1 H, d, J = 16.5 Hz), 2.32 (1H, d, J = 16.5 Hz), 2.57-2.75 (2H, m), 
5 3.78-4.15 (2H,m), 3.87 (3H, s), 4.24 (1H, dd, J = 13.2, 5.4 Hz), 6.61 (1H, s), 7.34-7.48 (5H, m), 7.68-7.92 (4H, m). 

EXAMPLE 475 

3 ^ s g-Tetrahydro-e-methoxy-e.S-dimethyl-l-phenyl-S-furo^.S-hlisoquinolinemethanamine dihydrochloride 

10 

[1210] Hydrazine monohydrate (84 \±, 1 .7 mmol) was added to a suspension of 2-[(3,4,8,9-tetrahydro-6-methoxy- 
8,8-dimethyl-1 -phenylfuro[2,3-h]isoquinolin-3-yl)methyl]-1 H-isoindole-1 ,3(2H)-dione (350 mg, 0.750 mmol) in ethanol 
(4 mL) and the mixture was heated under reflux for 2.5 hours. The reaction mixture was combined with 1 M aqueous 
solution of sodium hydroxide, diluted with water, and extracted twice with ethyl acetate. The combined organic layer 

15 was washed twice with water, and concentrated under reduced pressure. The residue was subjected to a column 
chromatography on a basic silica gel (ethyl acetate followed by ethyl acetate/methanol, 1 0: 1 ) to obtain 3,4,8,9-tetrahy- 
dro-6-methoxy-8,8-dimethyl-1 -phenyl-3-furo[2,3-h]isoquinolinemethanamine (1 64 mg) as an amorphous material. This 
was dissolved in ethyl acetate (2 mL), combined with 0.8 M hydrogen chloride/methanoi solution (1 .8 mL, 1 .4 mmol) 
and concentrated under reduced pressure. The residue was crystallized from ethanol-ethyl acetate to obtain the title 

20 compound (140 mg, yield: 46%). 
Melting point: 192-194 °C 

1H NMR (DMSO-d 6 ) 5 1 .22 (3H, s), 1 .26 (3H, s), 2.26 (2H, s), 3.05-3.40 (4H, m), 3.80-4.50 (1 H, m), 3.94 (3H, s), 7.10 
(1H, s), 7.55-7.78 (5H, m), 8.35-8.65 (3H, m). 

25 EXAMPLE 476 

N-P'-^AS^-Tetrahydro-e-m^^ 
acetamide 

30 [1 21 1 ] The title compound was obtained from N-[3'-(1 ^.S^.S^-hexahydro-e-methoxy-S.S.S.S-tetramethylf uro[2,3-h] 
isoquinolin-1-yl)[1,1'-biphenyl]-3-yl]acetamide by the method similar to that in EXAMPLE 110. Yield: 66%. 
Melting point: 158-162 °C (methanol-diethyl ether). 

1H NMR (CDCI3) 5 1 .24 (3H, s), 1 .28 (3H, s), 1 .51 (6H, s), 2.04 (2H, s), 2.13 (3H, s), 3.09 (2H, s), 3.91 (3H, s), 6.65 
(1H, s), 7.27-7.53 (5H, m), 7.56-7.69 (3H, m), 7.69 (1H, brs). 

35 

EXAMPLE 477 

N-(3,5-Dichloro-1-oxido-4-pyridinyl)-3-(3,^^ 
benzamide 

40 

[1212] Cone, sulfuric acid (0.393 mL, 7.38 mmol) was added to a mixture of 3-cyano-N-(3,5-dichloro-1-oxido-4-py- 
ridinyl)benzamide (0.84 g, 2.84 mmol), 1-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1 -propanol 
(1 .07 g, 4.26 mmol), acetic acid (7 mL) and toluene (1 0 mL) and the mixture was stirred at 80 °C for 1 hour. The reaction 
solution was cooled with ice, combined with water and washed with diethyl ether. The aqueous layer was made basic 

« with aqueous ammonia and 1 M aqueous solution of sodium hydroxide, and washed with diisopropyl ether-diethyl ether 
(1:1). The aqueous layer was adjusted at pH 7 with 2 M hydrochloric acid, and extracted with ethyl acetate. The extract 
was washed with brine, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. The 
residue was subjected to a column chromatography on a silica gel (ethyl acetate followed by ethyl acetate/methanol, 
23:2), and then crystallized from ethyl acetate to obtain the title compound (0.20 g, yield: 13%). 

so Melting point: 264-266 °C. 

1 H NMR (DMSO-d 6 ) 8 1.17 (6H, s), 1 .22 (6H, s), 2.23 (2H, s), 2.67 (2H, s), 3.82 (3H, s), 6.84 (1H, s), 7.57-7.68 (2H, 
m), 8.01-8.09 (2H, m), 8.72 (2H, s), 10.58 (1H, brs). 

EXAMPLE 478 

55 

N-(2-Oxo-3-piperidinyl)-3-(3,4 l 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 
[1213] The title compound was obtained from S-tS^.e^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hJisoqui- 
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nolin-1-yl)benzoic acid hydrochloride and 3-amino-3,4,5,6-tetrahydro-2(1H)-pyridinone by the method similar to that 

in EXAMPLE 159. Yield: 63% 

Amorphous. 

1 H NMR (CDCI 3 ) 5 1 .23 (3H, s), 1 .28 (3H, s), 1 .30 (6H, s), 1 .58-1 .80 (2H } m), 1 .88-1 .98 (2H, m), 2.1 8 (2H, s), 2.59-2.72 
5 (3H, m), 3.27-3.38 (2H, m), 3.92 (3H, s), 4.40-4.50 (1 H, m), 6.27 (1 H, br s), 6.62 (1 H, s), 7.33-7.36 (1 H, m), 7.43-7.48 
(1H, m), 7.88-7.95 (2H, m). 

EXAMPLE 479 

10 (S)-N-[Hexahydro-2-oxo-1H-azepin-3-yl]-3-(3,4,8,9-tetrahydro^ 
1-yl)benzamide 

[1214] The title compound was obtained from S-tS^.B.Q-tetrahydro-B-methoxy-S.S.S.B-tetramethylfurop.S-hlisoqui- 
nolin-1 -yl)benzoic acid hydrochloride and (S)-3-aminohexahydro-2H-azepin-2-one by the method similar to that in EX- 
15 AMPLE 159. Yield: 65%. 
Amorphous. 

[oc]D+23.1° (c 1.0, methanol) 

1H NMR (CDCI3) 8 1.23 (3H, s), 1.30 (9H, s), 1.51-2.05 (6H, m), 2.16 (2H, s), 2.70 (2H, s), 3.20-3.38 (2H, m), 3.92 
(3H, s), 4.68-4.78 (1 H, m), 6.53 (1 H, br s), 6.62 (1 H, s), 7.42-7.51 (2H, m), 7.69-7.73 (1 H, m), 7.88-7.92 (2H, m). 
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EXAMPLE 480 

(R)-N-[Hexahydro-2-oxo-1H-azepin-3-yl]-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2,3-h]isoquinolin- 
1 -yl)benzamide 



[1215] The title compound was obtained from 3-(3 l 4,8,9-tetrahydro-6-methoxy-3 l 3 ( 8,8-tetramethylfuro[2,3-h]isoqui- 
nolin-1 -yl)benzoic acid hydrochloride and (R)-3-aminohexahydro-2H-azepin-2-one by the method similarto that in EX- 
AMPLE 159. Yield: 33%. 
Amorphous. 
30 [a]D -22.5° (c 1 .0, methanol). 

1 H NMR (CDCI3) 5 1.23 (3H, s), 1.30 (9H, s), 1.51-2.25 (6H, m), 2.17 (2H, s), 2.70 (2H, s), 3.20-3.36 (2H, m), 3.92 
(3H, s), 4.69-4.78 (1 H, m), 6.29 (1 H, br s), 6.62 (1 H, s), 7.41 -7.51 (2H, m), 7.69-7.73 (1 H, m), 7.88-7.91 (2H, m). 

EXAMPLE 481 

35 

3-(6-Ethoxy-3 l 4 l 8 J 9-tetrahydro-3,3 ) 8,8-tetramethylfuro[2 ) 3-h]isoquinolin-1 -yl)benzoic acid methyl ester 

[1216] Cone, sulfuric acid (7.86 mL, 0.147 mol) was added to a mixture of 1-(7-ethoxy-2,3-dihydro-2,2-dimethyl- 
5-benzofuranyl)-2-methyl-1-propanol (15.0 g, 56.7 mmol), methyl 3-cyanobenzoate (9.14 g, 56.7 mmol), acetic acid 

40 (80 mL) and toluene (100 mL) and the mixture was stirred at 80 °C for 1 hour. The reaction mixture was cooled with 
ice and combined with water, and washed with diethyl ether. The aqueous layer was cooled with ice, made basic with 
cone, aqueous ammonium, and extracted with ethyl acetate. The extract was washed with water, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
acetate, 4:1) to obtain the title compound (9.00 g, yield: 39%). 

45 Amorphous. 

1H NMR (CDCI3) 8 1 .25 (6H, s), 1 .29 (6H, s), 1 .47 (3H, t, J = 7.0 Hz), 2.15 (2H, s), 2.68 (2H, s), 3.92 (3H, s), 4.1 8 (2H, 
q, J = 7.0 Hz), 6.62 (1 H, s), 7.47 (1 H, t, J = 8.0 Hz), 7.61 (1 H, d, J = 8.0 Hz), 8.05-8.08 (2H, m). 



EXAMPLE 482 

S-te-Ethoxy-S^.S.g-tetrahydro-S.S.S.S-tetramethylfurop.S-hlisoquinoiin-l-ylJbenzoic acid hydrochloride 



[1 217] 5 M aqueous solution of sodium hydroxide (1 2 mL) was added to a solution of 3-(6-ethoxy-3,4,8,9-tetrahydro- 
3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoic acid methyl ester (8.80 g, 21 .6 mmol) in methanol (40 mL) and 
55 the mixture was stirred at 50 °C for 1 2 hours. The reaction mixture was cooled with ice, combined with 5 M hydrochloric 
acid(17 mL), and concentrated under reduced pressure. The residue was combined with ethanol, filtered, and the 
filtrate was concentrated under reduced pressure repetitively for three times. The residue was crystallized from ethyl 
acetate to obtain the title compound (6.15 g, yield: 66%). 
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Melting point: 240-243 °C. 

1 H NMR (DMSO-d 6 ) 5 1 .22 (6H. s), 1 .37 (3H, t, J = 7.0 Hz), 1 .46 (6H, s), 2.02-2.25 (2H, m), 3.1 6 (2H, s), 4.24 (2H, q s 
J = 7.0 Hz), 7.09 (1H, s), 7.76 (1H, t, J = 7.8 Hz), 7.86 (1H, d, J = 7.8 Hz), 8,16 (1H, s), 8.26 (1H, d, J = 7.8 Hz). 

EXAMPLE 483 

S-^-Ethoxy-SAS.Q-tetrahydro-S.S.S.S^ 

[1218] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.580 g, 3.03 mmol) was added to a suspen- 
sion of 3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoic acid hydrochloride (1.00 
g, 2.33 mmol), 1 -hydroxy-1 H-benzotriazole monohydrate (0.392 g, 2.56 mmol) in N,N-dimethylformamide (1 0 ml_) and 
the mixture was stirred at room temperature for 30 minutes. To this, 40% methylamine/methanol solution (1 .2 ml_) was 
added, and the mixture was stirred at room temperature further for 2 hours. The reaction solution was combined with 
water, and extracted with ethyl acetate. The extract was washed with water, and concentrated under reduced pressure. 
The residue was recrystallized from ethyl acetate-hexane to obtain the title compound (0.80 g, yield: 84%). 
Melting point: 173-174 °C. 

1 H NMR (CDCI3) 5 1 .21 (6H, s), 1 .28 (6H, s), 1 .47 (3H, t, J = 7.0 Hz), 2.13 (2H, s), 2.61 (2H, s), 2.94 (3H, d, J = 5.2 
Hz), 4.19 (2H, q, J = 7.0 Hz), 6.60 (1H, s), 6.85-6.90 (1H, m), 7.38-7.44 (2H, m), 7.77 (1H, d, J = 1.2 Hz), 7.85-7.90 
(1H, m). 

EXAMPLE 484 

N-t2-Amino-2-oxoethyl]-3-(6-ethoxy-3,4 ) 8 l 9-tetrahydro-3 l 3,8,8-tetramethylfuro[2 > 3-h]isoquinolin-1-yl)benzamide 

[1 21 9] Triethylamine (0.81 0 mL, 5.83 mmol) was added to a suspension of S-^-ethoxy-SAS^-tetrahydro-SAS.S-te- 
tramethylfuro[2,3-h]isoquinolin-1-yl)benzoic acid hydrochloride (1 .00 g, 2.33 mmol) in tetrahydrofuran (10 mL) and the 
mixture was stirred at room temperature for 1 0 minutes. This was cooled with ice, treated dropwise with isobutyl chlo- 
roformate (0.362 mL, 2.80 mmol), and the mixture was stirred with cooling in ice for 45 minutes. 
A solution of glycinamide hydrochloride (0.386 g, 3.50 mmol) dissolved in 2 M aqueous solution of sodium hydroxide 
(1 .75 mL, 3.5 mmol) was added to the reaction mixture, and the mixture was stirred with cooling in ice for 3 hours. The 
reaction mixture was combined with an aqueous solution of sodium hydrogen carbonate, and extracted with ethyl 
acetate. The extract was washed with water, and concentrated under reduced pressure. The residue was crystallized 
from ethyl acetate-diethyl ether to obtain the title compound (0.82 g, yield: 75%). 
Melting point: 127-128 °C. 

1 H NMR (CDCI3) 5 1 .22 (6H, s), 1 .29 (6H, s), 1 .47 (3H, t, J = 7.0 Hz), 2.14 (2H, s), 2.64 (2H, s), 4.05 (2H, d, J = 5.0 
Hz), 4.18 (2H, q, J = 7.0 Hz), 5.81 (1H, brs), 6.40 (1H, br s), 6.61 (1H, s), 7.41-7.50 (2H, m), 7.85-7.99 (3H, m). 

EXAMPLE 485 

N-IS-te-Ethoxy-S^.S.g-tetrahydro-S.S.S.B-tetramethylfuro^.S-hlisoquinolin-l-yObenzoyll^-methylalanine ethyl ester 

[1220] Triethylamine (2.59 mL, 18.6 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1.16 
g, 6.05 mmol) were added to a solution of 3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl) 
benzoic acid hydrochloride (2.00 g, 4.65 mmol), 1 -hydroxy-1 H-benzotriazole monohydrate (0.784 g, 5.12 mmol) and 
ethyl 2-aminoisobutyrate hydrochloride (1 .05 g, 6.05 mmol) in N.N-dimethylformamide (20 mL) and the mixture was 
stirred at room temperature for 3 hours. The reaction mixture was combined with water and extracted with ethyl acetate. 
The extract was washed with water, and concentrated under reduced pressure. The residue was recrystallized from 
ethyl acetate-hexane to obtain the title compound (1.82 g, yield: 77%). 
Melting point: 155-156 °C. 

1 H NMR (CDCI3) 5 1 .24-1 .30 (15H, m), 1 .47 (3H, t, J = 7.0 Hz), 1 .66 (6H, s), 2.16 (2H, s), 2.68 (2H, s), 4.13-4.28 (4H, 
m), 6.61 (1H, s), 6.93 (1H, s), 7.42-7.50 (2H, m), 7.83-7.89 (2H, m). 

EXAMPLE 486 

N-p-te-Ethoxy-S^.S^-tetrahydro-S.S.S.S-tetramethylfuro^.S-hlisoquinolin-l-yObenzoyll^-methylalanine 
hydrochloride 

[1221] 5 M aqueous solution of sodium hydroxide (3.0 mL) was added to a solution of N-[3-(6-ethoxy-3,4,8,9-tet- 
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rahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzoyl]-2-methylalanine ethyl ester (1 .25 g, 2.47 mmol) in eth- 
anol (7 mL) and the mixture was stirred at room temperature for 3 hours. The reaction solution was combined with 5 
M hydrochloric acid (3.7 mL), and concentrated under reduced pressure. The residue was combined with ethanol and 
filtered, and the filtrate was concentrated under reduced pressure repetitively 3 times. The residue was crystallized 
s from ethyl acetate to obtain the title compound (1 .28 g, quantitative). 
Melting point: 234-238 °C. 

1 H NMR (DMSO-d 6 ) 5 1.22 (12H, s), 1.34 (3H, t, J = 6.9 Hz), 1.45 (6H, s), 2.19 (2H, s), 2.72 (2H, s), 4.12 (2H, q, J = 
6.9 Hz), 6.85 (1H, s), 7.51-7.53 (2H, m), 7.92-7.96 (2H, m), 8.61 (1H, s). 

w EXAMPLE 487 

N-(2-Amino-1,1-dimethyl-2-oxoethyl)-3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,84etramethylfuro[2 
benzamide 

'5 [1 222] A solution of N-p-te-ethoxy-S^.S^-tetrahydro-S.S.B.S-tetramethylfurop.S-hJisoquinolin-l -yl)benzoyl]- 

2- methylalanine hydrochloride (0.80 g, 1 .55 mmol), 1 -hydroxy-1 H-benzotriazole ammonium salt (0.307 g, 2.02 mmol) 
in N.N-dimethylformamide (8 mL) was cooled with ice, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride 
(0.387 g, 2.02 mmol) was added thereto, and the mixture was stirred with cooling in ice for 30 minutes. Triethylamine 
(0.541 mL, 3.88 mmol) was added to the reaction mixture, and the mixture was stirred at room temperature for 4 hours. 

20 The reaction mixture was combined with a small amount of water, and concentrated under reduced pressure. The 
residue was combined with a saturated aqueous solution of sodium hydrogen carbonate, and extracted with ethyl 
acetate. The extract was washed with water, and concentrated under reduced pressure. The residue was crystallized 
from ethyl acetate-hexane to obtain the title compound (0.50 g, yield: 68%). 
Melting point: 204-206 °C. 

25 1H NMR (CDCI3) 5 1 .25 (6H, s), 1 .30 (6H, s), 1 .47 (3H, t, J = 6.9 Hz), 1 .69 (6H, s), 2.17 (2H, s), 2.68 (2H, s), 4.18 (2H, 
q, J = 6.9 Hz), 5.54 (1H, br s), 6.50 (1H, br s), 6.61 (1H, s), 7.07 (1H, s), 7.42-7.49 (2H, m), 7.85-7.89 (2H, m). 

EXAMPLE 488 

30 3-(6-Ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine 

[1223] A mixture of 1-(7-ethoxy-2,3-dihydro-2,2-dimethyl-5-benzofuranyl)-2-methyl-1-propanol (1 1 .2 g, 42.3 mmol), 

3- aminobenzonitrile (5.00 g, 42.3 mmol), acetic acid (60 mL) and toluene (75 mL) was cooled with ice, cone, sulfuric 
acid (6.77 mL, 0.127 mol) was added thereto, and the mixture was stirred at 80 °C for 1 hour. The reaction solution 

35 was allowed to cool to room temperature, combined with water, and washed with diethyl ether. The aqueous layer was 
made basic with cone, aqueous ammonia, and then extracted with ethyl acetate. The extract was washed with water, 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 
gel (hexane/ethyl acetate 2:1) to obtain the title compound (8.17 g, yield: 53%). 
An oil. 

40 1 H NMR (CDCI3) 5 1 .23 (6H, s), 1 .32 (6H, s), 1 .46 (3H, t, J = 7.0 Hz), 2.32 (2H, s), 2.65 (2H, s), 3.70 (2H, br s), 4. 1 6 
(2H, q, J = 7.0 Hz), 6.58 (1H, s), 6.70-7.21 (4H, m). 

EXAMPLE 489 

45 N-[3-(6-Ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]methanesulfonamide 

[1224] A solution of 3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine 
(0.73 g, 2.00 mmol) in pyridine (5 mL) was cooled with ice, treated dropwise with methanesulfonyl chloride (0.1 86 mL, 
2.40 mmol), and the mixture was stirred with cooling in ice for 1 hour. The reaction solution was combined with a 
50 saturated aqueous solution of sodium hydrogen carbonate and extracted with ethyl acetate. The extract was washed 
with water and concentrated under reduced pressure. The residue was subjected to a column chromatography on a 
basic silica gel (ethyl acetate/methanol 97:3), crystallized from ethyl acetate-hexane to obtain the title compound (0.52 
g, yield: 59%). 
Melting point: 181-182 °C. 

55 1H NMR (CDCI3) 6 1 .27 (6H, br s), 1 .32 (6H, s), 1 .46 (3H, t, J = 7.2 Hz), 2.23 (2H, s), 2.71 (2H, s), 2.77 (3H, s), 4.18 
(2H, q, J = 7.2 Hz), 6.60 (1H, s), 7.08-7.14 (1H, m), 7.22-7.35 (4H, m). 
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EXAMPLE 490 

N-[3-(6-Ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetrame% 
methanesulfonamide 

5 

[1225] The title compound was obtained from S^e-ethoxy-S^.S.g-tetrahydro-S.S.S.S-tetramethylfurop.a-hlisoquin- 
olin-1-yl)benzenamine and methanesulfonyl chloride by the method similar to that in EXAMPLE 30. Yield: 53%. 
Melting point: 183-184 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) 8 1 .25 (6H, s), 1 .31 (6H, s), 1 .46 (3H, t, J = 6.9 Hz), 2.23 (2H, br s), 2.68 (2H, s), 3.40 (6H, s), 4.1 8 
10 (2H, q, J = 6.9 Hz), 6.61 (1 H, s), 7.29 (1 H, t, J = 1 .5 Hz), 7.35-7.40 (1 H, m), 7.52 (1 H, t, J = 7.8 Hz), 7.61 (1 H, dt, J = 
7.8 Hz, 1.5 Hz). 

EXAMPLE 491 

15 N-[3-(6-Ethoxy-3,4 J 8,9-tetrahydro-3,3,8,8-tetramethylfurot2,3-h]isoquinolin-1-yl)phenyl]-2-(methylthio)acetamide 

[1226] By the method similar to that in EXAMPLE 30, 3-(6-ethoxy-3 l 4,8 1 9-tetrahydro-3,3 l B I 8-tetramethylfuro[2,3-h] 
isoquinolin-1-yl)benzenamine and chloroacetyl chloride were employed to obtain 2-chloro-N-[3-(6-ethoxy-3,4,8,9-tet- 
rahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)phenyl]acetamide. This was converted to the title compound by 
20 the method similar to that in EXAMPLE 38. 
yield: 50%. 

Melting point: 162-163 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 5 1 .24 (6H, s), 1 .32 (6H, s), 1 .46 (3H, t, J = 6.9 Hz), 2.19 (3H, s), 2.28 (2H, s), 2.67 (2H, s), 3.34 (2H, 
s), 4.18 (2H, q, J = 6.9 Hz), 6.60 (1H, s), 7.12 (1H, d, J = 7.2 Hz), 7.36 (1H, t, J = 7.2 Hz), 7.43 (1H, s), 7.84 (1H, d, J 
25 = 7.2 Hz), 8.82(1 H,s). 

EXAMPLE 492 

N-[3-(6-Ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-2-(methylsulfinyl)acetamide 

30 

[1227] The title compound was obtained from N-[3-(6-ethoxy-3,4,8,9-tetrahydro-3, 3, 8, 8-tetramethylfuro[2,3-h]isoqui- 
nolin-1-yl)phenyl]-2-(methylthio)acetamide by the method similar to that in EXAMPLE 39. Yield: 67%. 
Melting point: 114-118 °C (ethyl acetate-hexane). 

1 H NMR (CDCI3) 51.13 (6H, s), 1 .22 (6H, s), 1 .33 (3H, t, J = 7.0 Hz), 2.28 (2H, s), 2.62 (2H, s), 2.69 (3H, s), 3.73 (1H, 
35 d, J = 12.8 Hz), 3.93 (1H, d, J = 12.8 Hz), 4.09 (2H, q, J = 7.0 Hz), 6.78 (1H, s), 7.06 (1H, d, J = 7.6 Hz), 7.32-7.39 
(1H, m), 7.61-7.65 (2H, m), 10.40 (1H, s). 

EXAMPLE 493 

40 N-(Hydroxymethyl)-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 

[1228] A suspension of S-tS^.S^-tetrahydro-e-methoxy-S.S^.S-tetramethylfurop.S-hlisoquinolin-l-yObenzamide 
(0.50 g, 1 .32 mmol), 37% formalin (1 .07 g, 13.2 mmol) and potassium carbonate (0.365 g, 2.64 mmol) in acetonitrile 
(5 mL) was stirred at 60 °C for 3 hours, and then allowed to stand for 1 month. The reaction mixture was combined 
^5 with a saturated aqueous solution of sodium hydrogen carbonate, and extracted with ethyl acetate. The extract was 
washed with water, and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a silica gel (ethyl acetate/methanol 19:1) to obtain the title compound (0.40 g, yield: 74%). 
Amorphous. 

1 H NMR (CDCI3) 5 1.23 (6H, s), 1.29 (6H, s), 2.14 (2H, s), 2.65 (2H, s), 3.93 (3H, s), 4.87 (2H, d, J = 6.2 Hz), 6.62 
50 (1H, s), 7.39-7.48 (2H, m), 7.83-7.89 (2H, m), 8.05-8.11 (1H, m). 

EXAMPLE 494 

N-Methyl-S-tS^.S.g-tetrahydro^-hydroxy-e-methoxy-S.S.S.e-tetramethylfuroP.S-hlisoquinolin-l-yObenzamide 

55 

[1229] The title compound was obtained from N-methyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro 
[2,3-h]isoquinolin-1-yl)benzamide by the method similar to that in EXAMPLE 291. yield: 35%. 
Melting point: 215-216 °C (ethyl acetate). 
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1 H NMR (CDCI 3 ) 5 1.25 (6H, s), 1.29 (6H, s), 2.16 (2H, s), 2.95 (3H, d, J = 4.4 Hz), 3.95 (3H, s), 4.44 (1H, s), 6.98 
(1H, s), 7.18 (1H, brs), 7.42-7.50 (2H, m), 7.81 (1H, s), 7.87-7.91 (1H, m). 

EXAMPLE 495 

5 

N-Methyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetram 

[1230] The title compound was obtained from N-methyl-S^S^.S.g-tetrahydro^-hydroxy-e-methoxy-S.S.S.S-tetram- 
ethylfuro[2,3-h]isoquinolin-1 -yl)benzamide by the method similar to that in EXAMPLE 294. Yield: 45%. 
10 Melting point: 229-231 °C (ethyl acetate-diisopropyl ether). 

1 H NMR (CDCI3) 5 1.34 (6H, s), 1.52 (6H, s), 2.17 (2H, s), 3.00 (3H, d, J = 4.8 Hz), 4.00 (3H, s), 6.36-6.48 (1H, m), 
7.44-7.59 (3H, m), 7.78 (1H, s), 7.85-7.91 (1H, m). 

EXAMPLE 496 

15 

N-(2-Amino-1,1-dimethyl-2-oxoethyl)-3-(3 > 4 l B,9-tetrahydro-4-hydroxy-6-methoxy-3,3,8,8-tetramethylfuro[2 I 3-h] 
isoquinolin-1 -yl)benzamide 

[1231] The title compound was obtained from N-(2-amino-1 l 1-dimethyl-2-oxoethyl)-3-(3,4 t 8,9-tetrahydro-6-meth- 
20 oxy-3,3 l 8 l 8-tetramethylfuro[2 l 3-h]isoqulnolin-1-yl)benzamide by the method similar to that in EXAMPLE 291. Yield: 
64%. 

Melting point: 155-158 °C (ethyl acetate). 

1 H NMR (CDCI3) 5 1 .25-1 .31 (1 2H, m), 1 .69 (6H, s), 2.20 (2H, s), 3.96 (3H, s), 4.48 (1 H, s), 5.82 (1 H, br s), 6.77 (1 H, 
brs), 7.03 (1H, s), 7.43-7.52 (3H, m), 7.91 (2H, s). 

25 

EXAMPLE 497 

N-(2-Amino-1 J 1-dimethyl-2-oxoethyl)-3-(3,4,8 > 9-tetrahydro-6-methoxy-3 } 3,8,8-tetramethyl-4-oxofuro[2,3-h] 
isoquinolin-1 -yl)benzamide 

30 

[1232] The title compound was obtained from N-(2-amino-1 ,1 -dimethyl-2-oxoethyl)-3-(3,4,8,9-tetrahydro-4-hydroxy- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide by the method similar to that in EXAMPLE 294. 
yield: 52%. 

Melting point: 180-181 °C (ethyl acetate). 
35 1H NMR (DMSO-d 6 ) 8 1 .26 (6H, s), 1 .41 (6H, s), 1 .45 (6H, s), 2.24 (2H, s), 3.91 (3H, s), 6.85 (1 H, br s), 7.1 9 (1 H, br 
S), 7.47-7.55 (3H, m), 7.90-7.98 (2H, m), 8.29 (1 H, br s). 

EXAMPLE 498 

40 3-(8romomethyl)-6-ethoxy-3,4,8,9-tetrahydro-3,8,8-trimethylfuro[2,3-h]isoquinoline hydrochloride 

[1233] Benzonitrile (20 mL) was cooled to -5 °C, aluminum chloride (2.38 g, 17.9 mmol) was added thereto and the 
mixture was stirred. 

Immediately after adding 7-ethoxy-2,3-dihydro-2,2-dimethyl-5-(2-methyl-2-propenyl)benzofuran (2.20 g, 8.93 mmol), 
45 bromine (0.46 mL, 8.93 mmol) was added dropwise to the mixture, and the mixture was stirred at -5 °C for 1 hour and 
then at room temperature further for 3 hours. The reaction mixture was poured into 1 M hydrochloric acid, and washed 
with diisopropyl ether. The aqueous layer was made basic with cone, aqueous ammonia, and extracted with ethyl 
acetate. The extract was washed with water, and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a silica gel (hexane/ethyl acetate 17:3 followed by 7:3) to obtain 3-(bromomethyl)- 
50 6-ethoxy-3,4,8,9-tetrahydro-3,8,8-trimethylfuro[2,3-h]isoquinoline (1 .41 g, yield: 37%). 
An oil. 

1 H NMR (CDCI3) 8 1 .31 (6H, s), 1.34 (3H, s), 1.47 (3H, t, J = 7.2 Hz), 2.18 (2H, s), 2.78 (1H, d, J = 15.9 Hz), 2.93 (1H, 
d, J = 15.9 Hz), 3.40 (1H, d, J = 9.9 Hz), 3.55 (1H, d, J = 9.9 Hz), 4.19 (2H, q, J = 7.2 Hz), 6.65 (1H, s), 7.39 (5H, s). 
[1234] This was converted into a hydrochloride salt, which was triturated from diethyl ether to obtain the title com- 
55 pound (1 .40 g, yield from 7-ethoxy-2,3-dihydro-2,2-dimethyl-5-(2-methyl-2-propenyl)benzofuran: 34%). An aliquot was 
crystallized from ethyl acetate. 
Melting point: 156-159 °C. 

1 H NMR (DMSO-d 6 ) 8 1.22 (3H, s), 1 .24 (3H, s), 1.37 (3H, t, J = 6.9 Hz), 1.59 (3H, s), 2.17 (2H, s), 3.35 (2H, s), 3.83 
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(1H, d, J = 10.8 Hz), 3.92 (1H, d, J = 10.8 Hz), 4.24 (2H, q, J = 6.9 Hz), 7.11 (1H, s), 7.59-7.78 (5H, m). 
EXAMPLE 499 

s e-Ethoxy-S^.S^^etrahydro-N.N.a.e.S-pentamethyl-a-furoP.S-hlisoquinolinemethanamine dihydrochloride 

[1235] A mixture of S-tbromomethyO-e-ethoxy-S^.S.g-tetrahydro-S.S.e-trimethyifuro^.S-hlisoquinoline hydrochlo- 
ride (0.50 g, 1 .08 mmol), 40% aqueous solution of methylamine (2 mL) and N,N-dimethylacetamide (3 mL) was stirred 
at 180 °C for 14 hours in a sealed tube. The reaction solution was combined with a saturated aqueous solution of 

10 sodium hydrogen carbonate, and extracted with ethyl acetate. The extract was washed with water, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 
1 :1 followed by hexane/ethyl acetate/triethylamine 92:5:3), and then to a column chromatography on a basic silica gel 
(hexane/ethyl acetate 4:1) to obtain e-ethoxy-S^.S.g-tetrahydro-N.N.S.S.S-pentamethyl-a-furo^.S-hlisoquino- 
linemethanamine (0.22 g, yield: 52%). 

15 An oil. 

1 H NMR (CDCI 3 ) 5 1 .22-1 .32 (9H, m), 1 .45 (3H, t, J = 7.0 Hz), 2.18 (2H, s), 2.31 (6H, s), 2.35-2.51 (2H, m), 2.64 (1 H, 
d, J = 15.6 Hz), 2.97 (1H, d, J = 15.6 Hz), 4.17 (2H, q, J = 7.0 Hz), 6.62 (1H, s), 7.38 (5H, s). 
[1 236] This was converted into a hydrochloride salt, crystallized from ethyl acetate to obtain the title compound (0.20 
g, yield from 3-(bromomethyl)-6-ethoxy-3,4,8,9-tetrahydro-3,8,8-trimethylfuro[2 l 3-h]isoquinoline hydrochloride: 40%). 
20 Melting point: 145-147 °C. 

1 H NMR (DMSO-d 6 ) 5 1 .23 (3H, s), 1 .25 (3H, s), 1 .38 (3H, t, J = 6.9 Hz), 1 .54-1 .62 (3H, m), 2.11 (1 H, d, J = 16.2 Hz), 
2.28 (1 H, d, J = 1 6.2 Hz), 2.91 (6H, s), 3.20 (2H, s), 3.60 (2H, s), 4.23 (2H, q, J = 6.9 Hz), 7.03 (1 H, s), 7.59-7.69 (5H, m). 

EXAMPLE 500 

25 

e-Ethoxy-N-ethyl-S^.S^-tetrahydro-N.S.S.S-tetramethyl-S-furop^-hlisoquinolinemethanamine dihydrochloride 

[1237] The title compound was obtained from 3-(bromomethyl)-6-ethoxy-3,4,8,9-tetrahydro-3,8,8-trimethylfuro 
[2,3-h]isoquinoline hydrochloride and N-ethylmethylamine by the method similar to that in EXAMPLE 499. Yield: 33%. 
30 Melting point: 146-149 °C (ethyl acetate). 

1 H NMR (DMSO-d 6 ) 6 1 .23 (6H, s), 1 .27 (3H, t, J = 7.4 Hz), 1 .38 (3H, t, J = 6.8 Hz), 1 .58 (3H, s), 2.1 3 (1 H, d, J = 1 6.4 
Hz), 2.26 (1 H, d, J = 1 6.4 Hz), 2.89 (3H, s), 3.20-3.61 (6H, m), 4.23 (2H, q, J = 6.8 Hz), 7.03 (1 H, s), 7.60-7.65 (5H, m). 

EXAMPLE 501 

35 

0-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8 > 8-tetramethylfurot2,3-h]isoquinolin-1-yl)phenyl] dimethylcarbamothioate 
hydrochloride 

[1238] 3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenol (3.50 g, 9.96 mmol) 
40 was added to a solution of potassium hydroxide (587 mg, 1 0.5 mmol) in water (30 mL)-acetone (30 mL), and the mixture 
was stirred at room temperature for 20 minutes. With cooling in ice, N,N-dimethythiocarbamoyl chloride (1 .42 g, 11 .5 
mmol) was added to the mixture, and the mixture was stirred at room temperature for 3 hours. Acetone was distilled 
off under reduced pressure, the mixture was made basic by adding 1 M aqueous solution of sodium hydroxide, and 
extracted twice with ethyl acetate. The combined organic layer was washed with 1 M aqueous solution of sodium 
45 hydroxide and brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 5:1 followed by 3:1) to obtain 3.40 
g of a free base of the title compound. 753 mg of them was dissolved in ethyl acetate, combined with 4 M hydrogen 
chloride/ethyl acetate solution, concentrated under reduced pressure, triturated from diethyl ether to obtain the title 
compound (745 mg, yield: 57%). 
50 Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .23 (6H, s), 1 .41 (3H, s), 1 .47 (3H, s), 2.05-2.75 (2H, m), 3.1 7 (2H, s), 3.20-3.50 (6H, m), 3.94 
(3H, s), 7.09 (1H, s), 7.37-7.54 (3H, m), 7.67-7.74 (1H, m), 12.70 (1H, brs). 

EXAMPLE 502 

55 

2-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenoxy]acetamide 

[1239] Potassium tert-butoxide (380 mg, 3.37 mmol) was added to a solution of 3-(3,4,8,9-tetrahydro-6-methoxy- 
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3,3,8,8-tetramethylf uro[2,3-h]isoquinolin-1 -yl)phenol (21 5 mg, 0.61 2 mmol) in N.N-dimethylformamide (2 mL) with cool- 
ing in ice, and the mixture was stirred at room temperature for 1 hour. 2-Bromoacetamide (279 mg, 2.02 mmol) was 
added and the mixture was stirred at room temperature for 2 hours, and then stirred at 90 °C for 24 hours. Water was 
poured into the reaction mixture, which was then extracted twice with ethyl acetate. The combined organic layer was 
5 washed with 1 M aqueous solution of sodium hydroxide and brine, dried over sodium sulfate, filtered, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
acetate 1:2 followed by hexane/ethyl acetate/triethylamine 15:30:1), crystallized from diethyl ether-hexane to obtain 
the title compound (1 30 mg, yield: 52%). 
Melting point: 172-1 74 °C. 

10 1H NMR (CDCI 3 ) 8 1.25 (6H, s), 1.32 (6H, s), 2.24 (2H, br s), 2.69 (2H, s), 3.93 (3H, s), 4.53 (2H, s), 5.63 (1H, br s), 
6.60 (1H, brs), 6.62 (1H, s), 6.93-7.05 (3H, m), 7.29-7.37 (1H, m). 

EXAMPLE 503 

15 N-Methyl-S-tS^.S^-tetrahydro-e-methoxy-S.S.S^-tetramethylfuro^^-hJisoquinolin-l-ylJbenzenesulfonamide 
hydrochloride 

[1240] A suspension of 3-cyano-N-methylbenzenesulfonamide (2.10 g, 10.7 mmol) in acetic acid (10 ml_)-toluene 
(1 7 mL) was treated with cone, sulfuric acid (1 .2 mL, 22.5 mmol) with cooling in ice, 1 -(2,3-dihydro-7-methoxy-2,2-dime- 

20 thyl-5-benzof uranyl)-2-methyl-1 -propanol (3.20 g, 1 2.8 mmol) was added thereto at room temperature, and the mixture 
was stirred at 80 °C for 1 hour. Ice water was poured into the reaction mixture, which was then washed with diethyl 
ether. The aqueous layer was neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The 
combined organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 1 :1 followed 

25 by hexane/ethyl acetate/triethylamine 25:25: 1 ) to obtain a free base of the title compound. This was dissolved in ethyl 
acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, and crys- 
tallized from ethanol-ethyl acetate to obtain the title compound (3.19 g, yield: 64%). 
Melting point: 164-167 °C. 

1H NMR (DMSO-d 6 ) 5 1 .22 (6H, s), 1 .46 (6H, br s), 2.13 (2H, s), 2.45 (3H, d, J = 4.8 Hz), 3.04-3.30 (3H, m), 3.95 (3H, 
30 s), 7.11 (1H, s), 7.76-8.26 (4H, m). 

EXAMPLE 504 

2-[(Methyl)[[(3,4,8,9-tetrahydro-6-methoxy-3,3A 
35 acid ethyl ester hydrochloride 

[1241] Sodium hydride (66% dispersion in oil) (148 mg, 4.07 mmol) was added to a solution of N-methyl-3-(3,4,8,9-tet- 
rahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hjisoquinolin-l-yObenzenesulfonamide hydrochloride (900 mg, 1.94 
mmol) in N.N-dimethylformamide (9 mL) with cooling in ice, and the mixture was stirred at room temperature for 30 

40 minutes. With cooling in ice, ethyl bromoacetate (0.23 mL, 2.03 mmol) was added to the mixture and the mixture was 
stirred at room temperature for 5 hours. Water was poured into the reaction mixture, which was extracted twice with 
ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel 
(hexane/ethyl acetate 3:1) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined 

45 with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, crystallized from ethyl acetate 
to obtain the title compound (680 mg, yield: 64%). 
Melting point: 122-125 °C. 

1 H NMR (DMSO-d 6 ) 5 1.17 (3H, t, J = 7.0 Hz), 1.22 (6H, s), 1 .46 (6H, br s), 2.17 (2H, s), 2.87 (3H, s), 3.17 (2H, s), 
3.94 (3H, s), 4.06 (2H, q, J = 7.0 Hz), 4.12 (2H, s), 7.11 (1H, s), 7.81-7.92 (2H, m), 8.09-8.13 (2H, m). 

50 

EXAMPLE 505 

2-[(Methyl)[[3-(3,4,8,9-tetrahydro-6-methoxy-3 > 3 > 8,8-tetramethylfurot2,3-h]isoquinolin-1-yl)phenyl]sulfonyl)amino] 
acetamide 

55 

[1 242] 5 M aqueous solution of sodium hydroxide (1 .5 mL) was added to a solution of 2-[(methyl)[[(3,4,8,9-tetrahydro- 
e-methoxy-S.S.e.B-tetramethylfuro^.S-hJisoquinolin-l-yOphenyljsulfonyljaminojacetic acid ethyl ester hydrochloride 
(464 mg, 0.842 mmol) in ethanol (1 .5 mL) and the mixture was stirred at room temperature for 1 hour. After distilling 



240 



EP 1 270 577 A1 



ethanol off under reduced pressure, water was added and the mixture was adjusted at pH 6 with 5 M hydrochloric acid, 
and extracted twice with ethyl acetate-tetrahydrofuran. The combined organic layer was dried over sodium sulfate, 
filtered, concentrated under reduced pressure to obtain 2-[(methyl)p-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetrame- 
thylfuro[2,3-h]isoquinolin-1-yl)phenyl]sulfonyl]amino] acetic acid (394 mg). 1-Ethyl-3-(3-dimethylaminopropyl)carbod- 

5 iimide hydrochloride (199 mg, 1 .04 mmol) and 1 -hydroxy- 1 H-benzotriazole monohydrate (123 mg, 0.802 mmol) were 
added to a solution of the resultant acetic acid derivative (390 mg) in N,N-dimethylformamide (2 ml_) and the mixture 
was stirred at room temperature for 30 minutes. After cooling with ice, cone, aqueous ammonia (0.5 mL) was added 
to the mixture, and the mixture was stirred at room temperature for 1 hour. Water was poured into the reaction mixture, 
which was then extracted twice with ethyl acetate-tetrahydrofuran. The combined organic layer was washed with a 

10 brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a basic silica gel (hexane/ethyl acetate 3:1), crystallized from ethyl acetate-hexane to 
obtain the title compound (55 mg, yield: 14%). 
Melting point: 105-1 07 °C. 

1 H NMR (CDCI 3 ) 6 1.26 (6H, s), 1,33 (6H, s), 2.16 (2H, s), 2.72 (2H, s), 2.86 (3H, s), 3.66 (2H, s), 3.93 (3H, s), 5.58 
15 (1 H, br s), 6.58 (1 H, br s), 6.64 (1 H, s), 7.59-7.86 (4H, m). 

EXAMPLE 506 

N-[3-[[[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3 l 8,84etramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]sulfonyl]amino]phenyl] 
20 acetamide hydrochloride 

[1243] A solution of N-[3-[(3-cyanobenzenesulfonyl)amino]phenyl]acetamide (1 .39 g, 4.41 mmol) in acetic acid (5 
ml_)-toluene (8 mL) was treated dropwise with cone, sulfuric acid (0.52 mL, 9.70 mmol) with cooling in ice, and 1 -(2,3-di- 
hydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1-propanol (1.32 g, 5.29 mmol) was added thereto at room 

25 temperature, and the mixture was stirred at 60 °C for 3 hours. Ice water was poured into the reaction mixture, which 
was washed with diethyl ether. The aqueous layer was neutralized with cone, aqueous ammonia, and extracted twice 
with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concen- 
trated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl 
acetate 1 :2 followed by 1 :3) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined 

30 with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, triturated from diethyl ether 
to obtain the title compound (815 mg, yield: 48%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .09 (6H, s), 1 .45 (6H, s), 1 .73-2.00 (2H, m), 1 .94 (3H, s), 3.17 (2H, s), 3.93 (3H, s), 6.65-6.78 
(1H, m), 7.10-7.13 (3H, m), 7.66 (1H. s), 7.80-7.90 (2H, m), 8.05-8.20 (2H, m), 10.05 (1H, s), 10.58 (1H, s). 

35 

EXAMPLE 507 

2-[P-(3,4,8 l 9-Tetrahydro-6-methoxy-3,3,8,8-tetramet^^^ 
hydrochloride 

40 

[1244] A suspension of 2-[[(3-cyanobenzene)sulfonyl]amino]acetamide (180 mg, 0.752 mmol) in acetic acid (1 mL)- 
toluene (1 .6 mL) was treated dropwise with cone, sulfuric acid (0.088 mL, 1 .65 mmol) with cooling in ice, 1 -(2,3-dihydro- 
7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1 -propanol (226 mg, 0.903 mmol) was added thereto at room tem- 
perature, and the mixture was stirred at 60 °C for 2 hours. Water was poured into the reaction mixture, which was 

« washed twice with diethyl ether. The aqueous layer was neutralized with cone, aqueous ammonia, and extracted twice 
with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concen- 
trated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (ethyl acetate 
followed by ethyl acetate/methanol 1 0:1 ) to obtain a free base of the title compound. This was dissolved in ethyl acetate, 
combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, triturated from 

so diethyl ether to obtain the title compound (189 mg, yield: 50%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 6 1.22 (6H, s), 1.46 (6H, brs), 2.00-2.30(2H, m), 3.17 (2H, s), 3.30-3.60 (2H, m), 3.94 (3H, s), 
7.10 (2H, s), 7.42 (1H, s), 7.80-7.87 (2H, m), 8.04 (1H, s), 8.11-8.25 (2H, m). 

55 
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EXAMPLE 508 

N-(Hexahydro-2-oxo-1H-azepin-3-yl)-3-(3,4,8,9-tetrahy 
benzenesulfonamide hydrochloride 

5 

[1245] A suspension of 3-cyano-N-(hexahydro-2-oxo-1 H-azepin-3-yl)benzenesulfonamide (360 mg, 1 .23 mmol) in 
acetic acid (2 ml_)-toluene (3.2 mL) was treated dropwise with cone, sulfuric acid (0.14 mL, 2.71 mmol) with cooling in 
ice, and stirred at room temperature for 5 minutes. 1-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methyl- 
1-propanol (369 mg, 1 .47 mmol) was added to the mixture, and the mixture was stirred at 65 °C for 3 hours. Water 

10 was poured into the reaction mixture, which was washed twice with diethyl ether. The aqueous layer was neutralized 
with cone, aqueous ammonia, and extracted twice with ethyl acetate. The combined organic layer was washed with 
brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a basic silica gel (hexane/ethyl acetate 1 :2) to obtain a free base of the title compound. 
This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under 

*5 reduced pressure, triturated with diethyl ether to obtain the title compound (270 mg, yield: 39%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.22 (6H, s), 1.44 (3H, s), 1.45-1.85 (4H, m), 1.47 (3H, s), 2.00-2.35 (2H, m), 2.90-3.15 (2H, 
m), 3.16 (2H, s), 3.39-3.45 (2H, m), 3.94 (3H, s), 4.00-4.15 (1H, m), 7.10 (1H, s), 7.65-7.90 (2H, m), 7.82 (2H, br s), 
8.03-8.20 (2H, m). 

20 

EXAMPLE 509 

S-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8.8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl] dimethylcarbamothioate 
hydrochloride 

25 

[1 246] A suspension of S-(3-cyanophenyl) dimethylcarbamothioate (637 mg, 3.09 mmol) in acetic acid (4 mL)-toluene 
(6.5 mL) was treated dropwise with cone, sulfuric acid (0.36 mL, 6.80 mmol) with cooling in ice, 1 -(2,3-dihydro-7-meth- 
oxy-2,2-dimethyl-5-benzofuranyl)-2-methyl-1-propanol (928 mg, 3.71 mmol) was added thereto at room temperature, 
and the mixture was stirred at 80 °C for 1 hour. Ice water was poured into the reaction mixture, which was then washed 
30 with diethyl ether. The aqueous layer was neutralized with cone, aqueous ammonia, and extracted twice with ethyl 
acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 
5:1 followed by 3:1) to obtain a free base of the title compound as an amorphous material. 

1 H NMR (CDCI 3 ) 5 1 .24 (6H, s), 1 .33 (6H, s), 2.39 (2H, br s), 2.67 (2H, s), 3.03 (6H, br s), 3.91 (3H, s), 6.59 (1 H, s), 
35 7.38-7.58 (4H, m). 

[1247] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated 
under reduced pressure, triturated with diethyl ether to obtain the title compound (618 mg, yield: 42%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.23 (6H, s), 1.42 (3H, s), 1.45 (3H, s), 2.13 (1H, br d, J = 15.8 Hz), 2.40-2.60 (1H, m), 2.94 
40 (3H, s), 3.00-3.50 <2H, m), 3.05 (3H, s), 3.94 (3H, s), 7.09 (1 H, s), 7.68-7.80 (4H, m). 

EXAMPLE 510 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-[3-(methylthio)phenyl]furo[2,3-h]isoquinoline hydrochloride 

45 

[1 248] 28% sodium methoxide/methanol solution (2 mL) was added to a solution of S-[3-(3,4,8,9-tetrahydro-6-meth- 
oxy-3,3,8,8-tetramethylfuro[2 p 3-h]isoquinolin-1-yl)phenyl] dimethylcarbamothioate(1 .12 g, 2.55 mmol) in N,N-dimeth- 
ylformamide (10 mL) with cooling in ice, and the mixture was stirred at room temperature for 1 hour. Ice water was 
poured into the reaction mixture, which was neutralized with 5 M hydrochloric acid, and extracted three times with ethyl 

50 acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under 
reduced pressure. The residue was dissolved in N,N-dimethylformamide (10 mL), sodium hydride (66% dispersion in 
oil) (93 mg, 2.55 mmol) was added thereto and the mixture was stirred at room temperature for 20 minutes. With cooling 
in ice, iodomethane (0.16 mL, 2.55 mmol) was added to the mixture and the mixture was stirred at room temperature 
for 2 hours. Water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined 

55 organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1) to obtain a 
free base of the title compound as an amorphous material. 

1 H NMR (CDCI3) 5 1 .25 (6H, s), 1 .33 (6H, s), 2.24 (2H, s), 2.49 (3H, s), 2.69 (2H, s), 3.93 (3H, s), 6.61 (1 H, s), 7.13-7.31 
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(4H, m). 

[1249] This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated 
under reduced pressure, crystallized from ethyl acetate to obtain the title compound (247 mg, yield; 23%). 
Melting point: 130-140 °C. 

5 1H NMR (DMSO-d 6 ) 8 1.24 (6H, s), 1.44 (6H, s), 2.25 (2H, s), 2.55 (3H, s), 3.14 (2H, s), 3.94 (3H, s), 7.09 (1H, s), 
7.31-7.35 (1H, m), 7.51-7.63 (3H, m). 

EXAMPLE 511 

10 3,4,8,9-Tetrahydro-6-methoxy-3 l 3 l 8 I 8-tetramethyl-1-[3-(methylsulfinyl)phenyl]furo[2,3-h]isoquinoline hydrochloride 

[1250] A solution of sodium metaperiodate (404 mg, 1.89 mmol) in water (2.5 mL) was added to a solution of 
3 > 4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethyl-1-[3-(methylthio)phenyl]furo[2,3-h]isoquinoline (288 mg, 0.755 
mmol) in methanol (3.5 mL) and the mixture was stirred at room temperature for 1 hour. Water was poured into the 

15 reaction mixture, which was combined with sodium hydrogen carbonate, and extracted twice with ethyl acetate. The 
combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 
2:1 followed by 1 : 1 ) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 
M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, triturated with diethyl ether to obtain 

20 the title compound (257 mg, yield: 78%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 6 1.22 (6H, s), 1.47 (6H, s), 2.15 (2H, s), 2.85 (3H, s), 3.17 (2H, s), 3.94 (3H, s), 7.11 (1H, s), 
7.76-8.05 (4H, m). 

25 EXAMPLE 512 

3,4,8,9-Tetrahydro-6-methoxy-3,3,8 l 8-tetramethyl-1-[3-(methylsulfonyl)phenyl]furo[2,3-h]isoquinoline hydrochloride 

[1 251 ] A solution of sodium metaperiodate (51 7 mg, 2.42 mmol) in water (2 mL) was added to a solution of 3 ,4,8,9-tet- 
30 rahydro-6-methoxy-3,3,8,8-tetramethyl-1-[3-(methylthio)phenyl]furo[2,3-h]isoquinoline hydrochloride (202 mg, 0.483 

mmol) in methanol (3 mL) and the mixture was stirred at 60 °C for 4 hours. Water was poured into the reaction mixture, 

which was combined with sodium hydrogen carbonate and extracted twice with ethyl acetate. The combined organic 

layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 

The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1) to obtain a 
35 free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate 

solution, concentrated under reduced pressure, crystallized from ethanol-ethyl acetate-diisopropyl ether to obtain the 

title compound (171 mg, yield: 79%). 

Melting point: 141-145 °C. 

1H NMR (DMSO-d 6 ) 8 1.22 (6H, s), 1.47 (6H, s), 2.14 (2H, s), 3.16 (2H, s), 3.34 (3H, s), 3.94 (3H, s), 7.11 (1H, s), 
40 7.86-8.00 (2H, m), 8.23-8.27 (2H, m). 

EXAMPLE 513 

2-[[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]thio]acetamide 

45 

[1252] S-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl] dimethylcarbamo- 
thioate (1 .62 g, 3.69 mmol) was added to a solution of 28% sodium methoxide/methanol solution (1 .43 g, 7.39 mmol) 
in N,N-dimethylformamide (8 mL) with cooling in ice, and the mixture was stirred at room temperature for 30 minutes. 
Water was poured into the reaction mixture, which was extracted twice with ethyl acetate-tetrahydrofuran. The combined 
50 organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The 
residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :2) to obtain an amor- 
phous material (1 .25 g). An Aliquot (369 mg) was crystallized from ethyl acetate-hexane to obtain the title compound 
(298 mg, yield: 64%). 
Melting point: 118-120 °C. 

55 1H NMR (CDCI 3 ) 8 1 .27 (6H, s), 1 .33 (6H, s), 2.20 (2H, s), 2.71 (2H, s), 3.66 (2H, s), 3.93 (3H, s), 5.44 (1 H, br s), 6.62 
(1H, s), 6.81 (1H, br s), 7.21-7.43 (4H, m). 
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EXAMPLE 514 

2-[[3-(3 > 4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethy^ 
hydrochloride 

5 

[1253] A solution of sodium metaperiodate (655 mg, 3.06 mmol) in water (2.5 mL) was added to a solution of 
2-[[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfu^ (401 mg, 

0.945 mmol) in methanol (4 mL) and the mixture was stirred at room temperature for 3 hours. Water was poured into 
the reaction mixture, which was neutralized with sodium hydrogen carbonate, and extracted three times with ethyl 

10 acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hex- 
ane/ethyl acetate 1 :3 followed by ethyl acetate) to obtain a free base of the title compound. This was dissolved in ethyl 
acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, triturated 
with diethyl ether to obtain the title compound (357 mg, yield: 79%). 

*5 Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .23 (6H, s), 1 .47 (6H, s), 2.17 (2H, s), 3.17 (2H, s), 3.80 (1 H, br d, J = 13.4 Hz), 3.94 (3H, s), 
4.04 (1H, d, J = 13.4 Hz), 7.10 (1H, s), 7.36 (1H, s), 7.75-8.03 (5H, m). 

EXAMPLE 515 

20 

2- [[3-(3,4,8,9-Tetrahydro-6-methoxy-3 l 3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]sulfonyl]acetamide 
hydrochloride 

[1254] A solution of sodium metaperiodate (1.22 g, 5.72 mmol) in water (4 mL) was added to a solution of 
25 2-[[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 I 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]thio]acetamide (486 mg, 
1,14 mmol) in methanol (6 mL) and the mixture was stirred at 70 °C for 6 hours. Water was poured into the reaction 
mixture, which was combined with sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined 
organic layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :3) to 
30 obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ 
ethyl acetate solution, concentrated under reduced pressure, triturated with diethyl ether to obtain the title compound 
(370 mg, yield: 66%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .21 (6H, s), 1 .47 (6H, s), 2.00-2.40 (2H, m), 3.17 (2H, s), 3.94 (3H, s), 4.30-4.60 (2H, m), 7.10 
35 (1 H, s), 7.35 (1H, s), 7.80 (1H, s), 7.84-7.98 (2H, m), 8.15-8.19 (2H, m). 

EXAMPLE 51 6 

3- Chloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]- 
40 1 -propanesulfonamide 

[1255] A solution of 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2,3-h]isoquinolin-1 -yljbenzenamine 
(729 mg, 2.08 mmol) and triethylamine (0.32 mL, 2.29 mmol) in tetrahydrofuran (7 mL) was treated dropwise with 
3-chloropropanesulfonyl chloride (0.25 mL, 2.08 mmol) with cooling in ice, and stirred at room temperature for 3 hours. 

45 ice water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic 
layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1 followed by hexane/ethyl acetate/ 
triethylamine 25:25:1) to obtain an oil (820 mg). An aliquot (520 mg) was crystallized from ethyl acetate-hexane to 
obtain the title compound (453 mg, yield: 70%). 

so Melting point: 163-165 °C. 

1 H NMR (CDCI 3 ) 8 1.27 (6H, s), 1.33 (6H, s), 2.17-2.31 (2H, m), 2.24 (2H, s), 2.72 (2H, s), 3.12 (2H, t, J = 6.5 Hz), 
3.64 (2H, t, J = 6.2 Hz), 3.93 (3H, s), 6.61 (1H, s), 7.12-7.39 (4H, m). 

EXAMPLE 517 

55 

2-[3-(3,4 l 8,9-Tetrahydro-6-methoxy-3 l 3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phen 1,1 -dioxide 

[1256] 1,8-Diazabicyclo[5.4.0]undec-7-ene(0.11mL,0.753mmol)wasaddedtoasolutionof3-chloro-N-[3-(3,4,8,9-tet- 
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rahydro-e-methoxy-a.a.S^-tetramethylfuroP^-hlisoquinolin-l -yl)phenyl]-1 -propanesulf onamide (352 mg, 0.717 
mmol) in toluene (3 ml_) and the mixture was stirred at 110 °C for 1 hour. Water was poured into the reaction mixture. 
The mixture was neutralized with 1 M hydrochloric acid, and extracted twice with ethyl acetate. The combined organic 
layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
5 was crystallized from ethyl acetate-di ethyl ether to obtain the title compound (11 2 mg, yield: 34%). 
Melting point: 114-116 °C. 

1 H NMR (CDCI 3 ) 5 1.26 (6H, s), 1.33 (6H, s), 2.30 (2H, s), 2.45-2.60 (2H, m), 2.70 (2H, s), 3.38 (2H, t, J = 7.5 Hz), 
3.81 (2H, t, J = 6.6 Hz), 3.92 (3H, s), 6.60 (1H, s), 7.24-7.27 (2H, m), 7.39-7.42 (2H, m). 

10 EXAMPLE 51 8 

N,N-Dimethyl-N43-(3 f 4 t 8,9-tetrah 

[1257] Triethylamine (0.15 mL, 1 .07 mmol) and dimethylsulfamoyl chloride (0.10 ml_, 0.970 mmol) were added to a 
15 solution of 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine (340 mg, 
0.970 mmol) in tetrahydrofuran (3 mL) with cooling in ice, and the mixture was heated under reflux for 15 hours. Water 
was poured into the reaction mixture, which was made basic by adding 1 M aqueous solution of sodium hydroxide, 
and extracted twice with ethyl acetate. The combined organic layer was washed with a brine, dried over magnesium 
sulfate, filtered, and concentrated under reduced pressure. The residue was subjected to a column chromatography 
20 on a basic silica gel (hexane/ethyl acetate 1 :2), and crystallized from diethyl ether to obtain the title compound (226 
mg, yield: 51%). 
Melting point: 134-136 °C 

1H NMR (CDCI3) 5 1 .25 (6H, s), 1 .32 (6H, s), 2.24 (2H, s), 2.70 (2H, s), 2.82 (6H, s), 3.92 (3H, s), 6.61 (1 H, s), 7.09-7.13 
(2H, m), 7.21-7.36 (2H, m). 

25 

EXAMPLE 519 

N-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-2-propenamide 

30 [1258] Triethylamine (0.47 mL, 3.36 mmol) and 3-chloropropionyl chloride (0.31 mL, 3.21 mmol) were added to a 
solution of S-tS^^.g-tetrahydro-e-methoxy-S.S^.S-tetramethylfurop^-hlisoquinolin-l-ylJbenzenamine (1.07 g, 3.05 
mmol) in tetrahydrofuran (1 0 mL) with cooling in ice, and the mixture was stirred at the same temperature for 1 .5 hours. 
Ice water was poured to the reaction mixture, which was extracted three times with ethyl acetate. The combined organic 
layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 

35 was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 1 :1 followed by hexane/ethyl acetate/ 
methanol 25:25:1), crystallized from diethyl ether-hexane to obtain ca. 1 :1 mixture (1 .12 g) of the title compound and 

3- chloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]propanamide. 

[1 259] Potassium carbonate (220 mg, 1 .59 mmol) and potassium iodide (22 mg, 0.1 33 mmol) were added to asolution 
of this substance in N,N-dimethylformamide (10 mL) and the mixture was stirred at 60 °C for 4 hours. Water was poured 
40 into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was washed with 
water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was sub- 
jected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1), crystallized from diethyl ether- 
diisopropyl ether to obtain the title compound (419 mg, yield: 34%). 
Melting point: 188-190 °C. 

45 1H NMR (CDCI3) 8 1.25 (6H, s), 1.32 (6H, s), 2.30 (2H, s), 2.68 (2H, s), 3.92 (3H, s), 5.74 (1H, dd, J = 10.0, 1.6 Hz), 
6.22 (1H, dd, J = 16.9, 10.0 Hz), 6.41 (1H, dd, J = 16.9, 1.6 Hz), 6.60 (1H, s), 7.07 (1H, d, J = 8.0 Hz), 7.31 (1H, t, J 
= 8.0 Hz), 7.44 (1H, s), 7.77 (1H, d, J = 8.0 Hz), 7.96 (1H, s). 

EXAMPLE 520 

50 

4- Chloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3 f 8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]butanamide 

[1260] Triethylamine (0.81 mL, 5.81 mmol) and 4-chlorobutyryl chloride (0.62 mL, 5.54 mmol) were added to a so- 
lution of 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine (1.85 g, 5.28 
55 mmol) in tetrahydrofuran (15 mL) with cooling in ice, and the mixture was stirred at the same temperature for 1 hour. 
Ice water and an aqueous solution of sodium hydroxide were poured into the reaction mixture, which was extracted 
with ethyl acetate. The organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under 
reduced pressure. The residue was crystallized from diethyl ether-diisopropyl ether to obtain the title compound (2.25 
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g, yield: 94%). 

Melting point: 146-148 °C. 

1 H NMR (CDCI 3 ) 5 1.25 (6H, s), 1.32 (6H, s), 2.10-2.23 (2H, m), 2.30 (2H, s), 2.52 (2H, t, J = 7.1 Hz), 2.69 (2H, s), 
3.65 (2H, t, J = 6.0 Hz), 3.92 (3H, s), 6.60 (1H, s), 7.07 (1H, d, J = 7.6 Hz), 7.31 (1H, t, J = 7.6 Hz), 7.45 (1H, s), 7.77 
(1H,d, J = 7.6 Hz), 7.78 (1H, s). 

EXAMPLE 521 

1- [3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetram 
hydrochloride 

[1 261 ] Potassium carbonate (51 4 mg, 3.72 mmol) and potassium iodide (56 mg, 0.338 mmol) were added to a solution 
of 4-chloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]butanamide 
(1 .54 g, 3.38 mmol) in N,N-dimethylformamide (1 0 mL) and the mixture was stirred at 60 °C for 2 hours and 80 °C for 
5 hours. Water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined 
organic layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a silica gel (ethyl acetate followed by ethyl 
acetate/triethylamine 50:1) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined 
with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, triturated with diethyl ether 
to obtain the title compound (941 mg, yield: 61%). 
Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1.23 (6H, s), 1.44 (6H, s), 2.02-2.15 (2H, m), 2.20-2.40 (2H, m), 2.45-2.60 (2H, m), 3.14 (2H, 
s), 3.70-4.05 (2H, m), 3.94 (3H, s), 7.09 (1 H, s), 7.35 (1 H, d, J = 8.0 Hz), 7.60-7.68 (1 H, m), 7.90 (1 H, s), 7.94 (1 H, d, 
J = 8.0 Hz). 

EXAMPLE 522 

3-Chloro-2,2-dimethyl-N-[3-(3,4,8,9-tetrah^ 
propanamide 

[1262] Triethylamine (1.30 mL, 9.30 mmol) and 3-chloropivaloyl chloride (1.15 mL, 8.87 mmol) were added to a 
solution of 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine (2.96 g, 8.45 
mmol) in tetrahydrofuran (20 mL) with cooling in ice, and the mixture was stirred at room temperature for 30 minutes. 
Ice water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic 
layer was washed with a brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The 
residue was crystallized from ethyl acetate-hexane to obtain the title compound (3.83 g, yield: 97%). 
Melting point: 189-191 °C. 

1 H NMR (CDCI3) 5 1 .24 (6H, s), 1 .32 (6H, s), 1 .42 (6H, s), 2.31 (2H, s), 2.68 (2H, s), 3.70 (2H, s), 3.92 (3H, s), 6.61 
(1 H, s), 7.12 (1 H, dd, J = 7.6, 1 .4 Hz), 7.35 (1 H, t, J = 7.6 Hz), 7.48 (1 H, t, J = 1 .4 Hz), 7.55 (1 H, br s), 7.81 (1 H, dd, 
J = 7.6, 1.4 Hz). 

EXAMPLE 523 

3,3-Dimethyl-1-[3-(3,4,8,9-tetra^^ 

2- azethidinone hydrochloride 

[1 263] Potassium carbonate (529 mg, 3.83 mmol) and potassium iodide (58 mg, 0.348 mmol) were added to a solution 
of 3-chloro-2,2-dimethyl-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)ph 
propanamide (1 .63 g, 3.48 mmol) in N,N-dimethylformamide (15 mL) and the mixture was stirred at 70 °C for 3 hours. 
Ice water was added to the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer 
was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 5:1 followed by 3:1 ) to obtain a free 
base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate 
solution, concentrated under reduced pressure, crystallized from ethyl acetate-diisopropyl ether to obtain the title com- 
pound (1.50 g, yield: 92%). 
Melting point: 191-193 °C. 

1H NMR (DMSO-d 6 ) 8 1 .24 (6H, s), 1 .32 (6H, s), 1 .44 (6H, s), 2.29 (2H, s), 3.14 (2H, s), 3.58 (2H, s), 3.94 (3H, s), 7.09 
(1H, s), 7.29-7.31 (1H, m), 7.62-7.64 (3H, m). 
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EXAMPLE 524 

5-Oxo-N-[3-(3,43,9-tetrahydro-6-methoxy 
2-pyrrolidinecarboxamide 

5 

[1264] Thionyl chloride (2.06 mL, 28.3 mmol) and N,N-dimethylformamide (1 drop) were added to a solution of D,L- 
pyroglutamic acid (3.65 g, 28.3 mmol) in toluene (16 mL) and the mixture was stirred at 50 °C for 40 minutes. After 
distilling the solvent off under reduced pressure, the residue was dissolved in.N.N-dimethylformamide (10 mL) and 
S-JS^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoquinolin-l-yObenzenamine (1.98 g, 5.66 mmol) and 

10 triethylamine (3.94 mL, 28.3 mmol) were added thereto, and the mixture was stirred at room temperature for 3 hours. 
An aqueous solution of sodium chloride was poured into the reaction mixture, which was extracted twice with ethyl 
acetate-tetrahydrofuran. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel 
(ethyl acetate followed by ethyl acetate/methanol 30:1), and crystallized from ethyl acetate-hexane to obtain the title 

15 compound (1 .57 g, yield: 60%). 
Melting point: 145-147 °C. 

1 H NMR (CDCl 3 ) 5 1 .23 (6H, s), 1 .31 (6H, s), 2.27 (2H, s), 2.30-2.59 (4H, m), 2.67 (2H, s), 3.92 (3H, s), 4.20-4.30 (1 H, 
m), 6.60 (1 H. s), 6.94 (1 H, s), 7.09 (1 H, d, J = 8.0 Hz), 7.23-7.37 (1 H, m), 7.53 (1 H, s),7.74 (1 H, d, J = 8.0 Hz), 8.50 
(1H,s). 

20 

EXAMPLE 525 

N-Methyl-S-oxo-N-p^S^^^-tetrahydro-e-methoxy-S.S.e.S-tetramethylfuro^.S-hlisoquinolin-l-yOphenyl]- 

2- pyrrolidinecarboxamide hydrochloride 

25 

[1265] Thionyl chloride (0.51 mL, 7.04 mmol) and N,N-dimethylformamide (1 drop) were added to a solution of D,L- 
pyroglutamic acid (909 mg, 7.04 mmol) in toluene (4 mL) and the mixture was stirred at 50 °C for 40 minutes. After 
distilling the solvent off, the residue was dissolved in N,N-dimethylformamide (4 mL), and N-methyl-3-(3,4,8,9-tetrahy- 
dro-6-methoxy-3,3,8,8-tetramethylfuro(2,3-hlisoquinolin-1-yl)benzenamine (493 mg, 1.35 mmol) and triethylamine 

30 (0.98 mL, 7.04 mmol) were added thereto with cooling in ice, and the mixture was stirred at room temperature for 3 
hours. Brine was poured into the reaction mixture, which was extracted three times with ethyl acetate-tetrahydrofuran. 
The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (ethyl acetate) to obtain a free 
base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate 

35 solution, concentrated under reduced pressure, triturated with diethyl ether to obtain the title compound (51 6 mg, yield: 
75%). 

Amorphous. 

1 H NMR (DMSO-d 6 ) 5 1 .23 (6H, s), 1 .47 (6H, s), 1 .90-2.30 (4H, m), 2.1 9 (2H, s), 3.17 (2H, s), 3.25 (3H, s), 3.94 (3H, 
s), 4.00-4.15 (1H, m), 7.11 (1H, s), 7.55-7.85 (5H, m). 

40 

EXAMPLE 526 

2,6-Dichloro-N-[3-(3 t 4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1^ 

3- pyridinecarboxamide 

45 

[1266] N,N'-Carbonyldiimidazole (160 mg, 0.989 mmol) was added to a solution of 2.6-dichloronicotinic acid (90%) 
(188 mg, 0.881 mmol) in N,N-dimethylformamide (2.5 mL) and the mixture was stirred at room temperature for 1 hour. 
S-JS^.S.g-Tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoquinolin-l-yObenzenamine (347 mg, 0.989 mmol) 
was added to the mixture, and the mixture was stirred at room temperature for 1 hour and at 60 °C for 2 hours and 90 
50 °c for 15 hours. Water was poured into the reaction mixture, which was extracted twice with ethyl acetate-tetrahydro- 
furan. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered and concen- 
trated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ 
ethyl acetate 2:1 followed by 1:1), crystallized from ethyl acetate-hexane to obtain the title compound (95 mg, yield: 
18%). 

55 Melting point: 130-132 °C. 

1 H NMR (CDCI3) 5 1 .23 (6H, s), 1 .34 (6H, br s), 2.33 (2H, s), 2.69 (2H, s), 3.93 (3H, s), 6.61 (1H, s), 7.1 9 (1H, d, J = 
7.5 Hz), 7.37-7.43 (2H, m), 7.61 (1H, s), 7.84 (1H, d, J = 7.5 Hz), 8.13 (1H, d, J = 8.0 Hz), 8.56 (1H, s). 
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EXAMPLE 527 

N-[3-[[[[3-(3 f 43,9Tetrahydro-6-metto^ 
phenyl]acetamide hydrochloride 

5 

[1 267] N,N'-Carbonyldiimidazole (1 51 mg, 0.933 mmol) was added to a solution of S^S^.S.Q-tetrahydro-e-methoxy- 
S^^.S-tetramethylfuro^.S-hlisoquinolin-l-yObenzenamine (327 mg, 0.933 mmol) in N.N-dimethylformamide (3 mL) 
and the mixture was stirred at room temperature for 1 hour. 3'-Aminoacetanilide (140 mg, 0.933 mmol) was added to 
the mixture and the mixture was stirred at room temperature for3 hours. Ice water was poured into the reaction mixture, 

10 which was extracted three times with ethyl acetate. The combined organic layer was concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :2, ethyl 
acetate followed by ethyl acetate/methanol 20:1) to obtain a free base of the title compound. This was dissolved in 
ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, 
triturated with diethyl ether to obtain the title compound (128 mg, yield: 24%). 

15 Amorphous. 

1H NMR (DMSO-d 6 ) 5 1.24 (6H, s), 1.44 (6H, s), 2.02 (3H, s), 2.18-2.55 (2H, m), 3.15 (2H, br s), 3.94 (3H, s), 7.09 
(1H, s), 7.13-7.23 (4H, m), 7.50-7.88 (4H, m), 9.30 (1H, s), 9.59 (1H, S), 9.93 (1H, s). 

EXAMPLE 528 

20 

^-(S^.S^-Tetrahydro-e-methoxy-S^^.S-tetramethylfuro^.S-hlisoquinolin-l-yOphenyllurea 

[1268] Sodium cyanate (121 mg, 1 .87 mmol) and trifluoroacetic acid(0.36 mL, 4.67 mmol) were added to a solution 
of 3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzenamine (327 mg, 0.933 mmol) 

25 jn tetrahydrofuran (3 mL) with cooling in ice, and the mixture was stirred at room temperature for 1 hour. The reaction 
mixture was neutralized with 1 M aqueous solution of sodium hydroxide, and extracted twice with ethyl acetate. The 
combined organic layer was washed with a brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (ethyl acetate), crystallized 
from diisopropyl ether to obtain the title compound (303 mg, yield: 83%). 

30 Melting point: 1 74-1 76 °C. 

1 H NMR (CDCI 3 ) 5 1 .23 (6H, s), 1 .32 (6H, s), 2.28 (2H, s), 2.70 (2H, s), 3.93 (3H, s), 4.89 (2H, br s), 6.60 (1 H, s), 6.98 
(1H, d, J = 7.6 Hz), 7.25-7.33 (2H, m), 7,49 (1H, d, J = 8.2 Hz), 7.55 (1H, s). 

EXAMPLE 529 

35 

N-Methyl-N-tS-tS^.S^-tetrahydro-e-methoxy-S^.S^-tetramethylfuro^^-hlisoquinolin-l-ylJphenyljurea 

[1269] Sodium cyanate (125 mg, 1 .92 mmol) and trifluoroacetic acid (0.37 mL, 4.80 mmol) were added to a solution 
of N-methyl-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylf uro[2,3-h]isoquinolin-1 -yi)benzenamine (350 mg, 

40 0.960 mmol) in tetrahydrofuran (3 mL) with cooling in ice, and stirred at room temperature for 1 hour. The reaction 
mixture was neutralized with 1 M aqueous solution of sodium hydroxide, and extracted twice with ethyl acetate. The 
combined organic layer was washed with a brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1:2), 
crystallized from ethyl acetate- hexane to obtain the title compound (263 mg, yield: 67%). 

45 Melting point: 108-109 °C. 

1 H NMR (CDCI3) 8 1 .26 (6H, s), 1 .33 (6H, s), 2.22 (2H, s), 2.70 (2H, s), 3.28 (3H, s), 3.93 (3H, s), 4.42 (2H, br s), 6.62 
(1H, s), 7.30-7.52 (4H, m). 

EXAMPLE 530 

50 

N-Methyl-N'-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]urea 

[1270] Phenyl chlorocarbonate (0.11 mL, 0.902 mmol) and triethylamine (0.13 mL, 0.902 mmol) were added to a 
solution of 3-(3 l 4,8,9-tetrahydro-6-methoxy-3,3 > 8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine (316 mg, 
55 0.902 mmol) in N.N-dtmethylformamide (3 mL) and the mixture was stirred at room temperature for 1 hour. Methylamine 
hydrochloride (73 mg, 1 .08 mmol) and triethylamine (0.31 mL, 2.26 mmol) were added to the mixture, and the mixture 
was stirred at room temperature for 2 hours and at 50 °C for 5 hours. Water was added to the reaction mixture, which 
was extracted three times with ethyl acetate. The combined organic layer was washed with brine, dried over sodium 
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sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (ethyl acetate followed by ethyl acetate/methanol 50:1), crystallized from ethyl acetate-diisopropyl 
ether to obtain the title compound (278 mg, yield: 76%). 
Melting point: 125-127 °C. 

5 1H NMR (CDCI 3 ) 6 1.24 (6H, s), 1.31 (6H, s), 2.29 (2H, s), 2.69 (2H, s), 2.74 (3H, d, J = 4.4 Hz), 3.92 (3H, s), 5.13 
(1H, brs), 6.60 (1H, s), 6.95 (1H, d, J = 7.6 Hz), 7.02 (1H, s), 7.21-7.39 (2H, m). 

EXAMPLE 531 

10 N-(2-Pyridinyl)-N , -[3-(3 l 4,8 l 9-tetrahydro-6-methoxy-3,3,8 l 8-tetramethylfuro[2 f 3-h]isoquinolin-1-yl)phenyl]urea 

[1271] Triethylamine (0.13 ml_, 0.899 mmol) and phenyl chlorocarbonate (0.11 mL, 0.899 mmol) were added to a 
solution of S-fS^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoquinolin-l-yObenzenamine (315 mg, 
0.899 mmol) in N,N-dimethylformamide (3 mL) with cooling in ice, and the mixture was stirred at room temperature for 

15 40 minutes. 2 -Am in opyridine (93 mg, 0.989 mmol) was added to the mixture and the mixture was stirred at room 
temperature for 2 hours and at 60 °C for 2 hours. Ice water was poured into the reaction mixture, which was extracted 
twice with ethyl acetate. The combined organic layer was washed with water and brine, and concentrated under reduced 
pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1:1 
followed by 1 :2), crystallized from diisopropyl ether to obtain the title compound (166 mg, yield: 39%). 

20 Melting point: 189-191 °C. 

1 H NMR (CDCI3) 5 1 .27 (6H, s), 1 .32 (6H, s), 2.35 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.62 (1 H, s), 6.81 (1 H, d, J = 8.0 
Hz), 6.91 -6.97 (1 H, m), 7.09 (1 H, d, J = 7.6 Hz), 7.36 (1 H, t, J = 8.0 Hz), 7.56-7.66 (2H, m), 7.81 (1 H, d. J = 7.6 Hz), 
8.25-8.28 (2H,m), 11.91 (1H, s). 

25 EXAMPLE 532 

N-(2-Chloroethyl)-N'-[3-(3,4,8,9-tetrah 

[1272] 2-Chloroethyl isocyanate (0.12 mL, 1 .48 mmol) was added to a solution of 3-(3,4,8,9-tetrahydro-6-methoxy- 
30 3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzenamine (519 mg, 1 .48 mmol) in N,N-dimethylformamide (5 mL) and 
the mixture was stirred at room temperature for 3 hours. An aqueous solution of sodium chloride was poured into the 
reaction mixture, which was extracted three times with ethyl acetate. The combined organic layer was washed with 
brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a basic silica gel (hexane/ethyl acetate 1:1 followed by ethyl acetate), crystallized from 
35 diethyl ether to obtain the title compound (477 mg, yield: 71%). 
Melting point: 147-150 °C. 

1 H NMR (CDCI3) 5 1.26 (6H, s), 1.32 (6H, s), 2.30 (2H, s), 2.71 (2H, s), 3.45-3.63 (4H, m), 3.92 (3H, s), 5.68 (1H, t, J 
= 5.2 Hz), 6.60 (1H,s), 6.95 (1 H, d, J = 7.8 Hz), 7.20 (1 H, s), 7.24 (1 H, t, J = 7.8 Hz), 7.42 (1 H, d, J = 7.8 Hz), 7.59 (1 H, s). 

40 EXAMPLE 533 

l-p-fS^^^-Tetrahydro-e-methoxy-S.S.S.S-tetramethylfuroP.S-hJisoquinolin-l-yOphenylj^-imidazolidinone 

[1 273] Potassium tert-butoxide (86 mg, 0.770 mmol) was added to a solution of N-(2-chloroethyl)-N'-[3-(3,4,8,9-tet- 
45 rahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hjisoquinolin-l-yOphenyljurea (351 mg, 0.770 mmol) in N,N-dimethyl- 
formamide (3 mL) with cooling in ice, and the mixture was stirred at room temperature for 4 hours. Water was poured 
into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was washed with 
brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The resultant crystals were washed 
with diisopropyl ether to obtain the title compound (251 mg, yield: 78%). 
50 Melting point: 225-227 °C. 

1 H NMR (CDCI3) 8 1.24 (6H, s), 1.32 (6H, s), 2.30 (2H, brs), 2.68 (2H, s), 3.57 (2H, t, J = 8.1 Hz), 3.92 (3H, s), 3.99 
(2H, t, J = 8.1 Hz), 4.60 (1H, s), 6.60 (1H, s), 7.05 (1H, d, J = 7.8 Hz), 7.35 (1H, t, J = 7.8 Hz), 7.35 (1H, s), 7.80 (1H, 
d, J = 7.8 Hz). 

55 
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EXAMPLE 534 

N,N'-Dimethyl-N-[3-(3,4,8,94etraty^ 
hydrochloride 

5 

[1274] Chlorosulfonyl isocyanate (0.14 mL, 1 .57 mmol) was added to a solution of 2-methyl-2-propanol (0.15 mL, 
1 .57 mmol) In tetrahydrofuran (3 mL) with cooling in ice and the mixture was stirred at room temperature for 30 minutes. 
With cooling in ice, S^S^.S^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^^-hlisoquinolin-l-yObenzenamine (500 
mg, 1 .43 mmol) and triethylamine (0.24 mL, 1 .72 mmol) were added to the mixture and the mixture was stirred at room 

10 temperature for 2 hours. Ice water was poured into the reaction mixture, which was extracted three times with ethyl 
acetate-tetrahydrofuran. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ 
ethyl acetate 2:1 followed by 1:1) to obtain [[[3-(3,4,8 p 9-tetrahydro-6-methoxy-3,3,8,8-, tetramethylfuro[2,3-h]isoquin- 
olin-1 -yl)phenyl]amino]sulfonyl]carbamic acid 1 , 1 -dimethylethyl ester (51 0 mg, yield: 67%) as crystals. 

15 1 H NMR (CDCI 3 ) 5 1 .27 (6H. s), 1 .33 (6H, s), 1 .41 (9H, s), 2.22 (2H, s), 2.71 (2H, s), 3.93 (3H, s), 6.62 (1 H, s), 7.21-7.41 
(4H, m). 

[1275] Sodium hydride (66% dispersion in oil) (36 mg, 0.991 mmol) was added to a solution of the resultant carbamic 
acid derivative (500 mg, 0.944 mmol) in N,N-dimethylformamide (5 mL) with cooling in ice, and the mixture was stirred 
at room temperature for 30 minutes. With cooling in ice, iodomethane (0.06 mL, 0.991 mmol) was added to the mixture 

20 and the mixture was stirred at room temperature for 3 hours. 

Water was poured into the reaction mixture, and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 2:1) to obtain an about 1 :1 mixture 
of (methyl)[[[3-(3,4,8,94etrahydro-6-me 

25 carbamic acid 1 .1 -dimethylethyl ester and (methyl)[[(methyl)[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro 
[2,3-h]isoquinolin-1 -yl)phenyl]amino]sulfonyl]carbamic acid 1 ,1 -dimethylethyl ester (379 mg). 
[1276] 4 M hydrogen chloride/ethyl acetate solution (3 mL) was added to the resultant mixture (370 mg) and the 
mixture was stirred at room temperature for 1 hour. Water was poured into the reaction mixture, which was neutralized 
with 5 M aqueous solution of sodium hydroxide, and then extracted with ethyl acetate. The organic layer was washed 

30 with a brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected 
to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 : 1 ) to obtain a free base of the title compound. 
This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under 
reduced pressure, triturated with diethyl ether to obtain the title compound (129 mg, yield: 28%). 
Amorphous. 

35 1H NMR (DMSO-d 6 ) 8 1.19 (6H, s), 1.40 (3H, s), 1.45 (3H, s), 1.97-2.50 (2H, m), 2.51 (3H, d, J = 4.8 Hz), 3.14 (2H, 
s), 3.15 (3H, s), 3.91 (3H, s), 7.06 (1H, s), 7.43-7.67 (4H, m). 

EXAMPLE 535 

40 N-Methyl-N , -[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 ) 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]sulfamide 

[1277] After separating N.N'-dimethyl form in the column chromatography in Example 534, followed by elution with 
hexane/ethyl acetate 1 :2 followed by crystallization from diethyl ether, the title compound was obtained (85 mg, yield: 
21%). 

45 Melting point: 135-136 °C. 

1 H NMR (CDCI3) 8 1.28 (6H, s), 1.33 (6H, br s), 2.25 (2H, s), 2.60 (3H, s), 2.72 (2H, s), 3.93 (3H, s), 5.86 (1H, brs), 
6.62 (1H, s), 7.03-7.14 (2H, m), 7.28-7.39 (2H, m). 

EXAMPLE 536 

50 

N-[3-(3,4,8,9-Tetrahydro-6-methoxy-3 r 3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]sulfamide hydrochloride 

[1278] 4 M hydrogen chloride/ethyl acetate solution (3 mL) was added to t[[3-(3,4,8,9-Tetrahydro-6-methoxy- 
S.S.S.S-tetramethylfurop.S-hlisoquinolin-l-yOphenyllaminolsulfonylJcarbamic acid 1 ,1 -dimethylethyl ester (539 mg, 
55 1 .02 mmol) and the mixture was stirred at room temperature for 3 hours. The reaction mixture was neutralized with 5 
M aqueous solution of sodium hydroxide, and extracted with ethyl acetate. The organic layer was washed with brine, 
dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column 
chromatography on a basic silica gel (hexane/ethyl acetate 1 :1 followed by ethyl acetate) to obtain a free base of the 
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title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, con- 
centrated under reduced pressure, and crystallized from ethanol-diisopropyl ether to obtain the title compound (333 
mg, yield: 70%). 
Melting point: 191-194 °C. 

5 1H NMR (DMSO-d 6 ) 8 1 .22 (6H, s), 1 .41 (3H, s), 1 .47 (3H, s), 2.00-2.55 (2H, m), 3.00-3.40 (2H, m), 3.94 (3H, s), 7.09 
(1H, s), 7.18-7.59 (6H, m), 9.99 (1H, s). 

EXAMPLE 537 

10 5-[3-(3 I 43,9-Tetrahydro-6-methoxy-3,3 I 8 1 8-tetramethylfuro[2,3-h]isoquinolln 
2-carboxylate 1,1-dlmethylethyl ester 1 ,1 -dioxide 

[1 279] Sodium hydride (66% dispersion in oil) (45 mg, 1 .24 mmol) was added to a solution of [[[3-(3 t 4,8,9-tetrahydro- 
6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]amino]sulfonyl]carbamic acid 1 ,1 -dimethylethyl ester 

'5 (31 2 mg, 0.589 mmol) in N,N-dimethylformamide (3 mL) andthe mixture was stirred at room temperature for 30 minutes. 
With cooling in ice, 1 ,2-dibromoethane (0.051 mL, 0.589 mmol) was added to the mixture and the mixture was stirred 
at room temperature for 3.5 hours. Water was poured into the reaction mixture, which was extracted twice with ethyl 
acetate. The combined organic layer was washed with water and a brine, dried over sodium sulfate, filtered and con- 
centrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hex- 

20 ane/ethyl acetate 3:1 followed by 2:1 , recrystallized from diisopropyl etherto obtain the title compound (1 33 mg, yield: 
41%). 

Melting point: 157-159 °C. 

1 H NMR (CDCI 3 ) 8 1 .24 (6H, s), 1 .32 (6H, s), 1 .56 (9H, s), 2.26 (2H, br s), 2.69 <2H, s), 3.78-3.85 (2H, m), 3.92 (3H, 
s), 3.92-3.99 (2H, m), 6.60 (1H, s), 7.32-7.36 (2H, m), 7.44-7.46 (2H, m). 

25 

EXAMPLE. 538 

2-[3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetra^ 
1,1 -dioxide 

30 

[1280] 4 M hydrogen chloride/ethyl acetate solution (10 mL) was added to 5-[3-(3,4,8,9-Tetrahydro-6-methoxy- 
3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]-1 ,2,5-thiadiazolidine-2-carboxylic acid 1 ,1 -dimethylethyl ester 
1 ,1 -dioxide (1 .30 g, 2.34 mmol) and the mixture was stirred at room temperature for 2 hours. The reaction mixture was 
neutralized with 2 M aqueous solution of sodium hydroxide, and extracted twice with ethyl acetate. The combined 
35 organic layer was washed with a brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 
The crystals of the residue were washed with diisopropyl ether to obtain the title compound (922 mg, yield: 87%). 
Melting point: 145-147 °C. 

1 H NMR (CDCI3) 5 1 .32 (12H, s), 2.22 (2H, s), 2.72 (2H, s), 3.18 (2H, br s), 3.64-3.80 (2H, br), 3.93 (3H, s), 6.61 (1 H, 
s), 7.04-7.07 (2H, m), 7.39 (1 H, t, J = 7.6 Hz), 7.59 (1 H, d, J = 7.6 Hz). 

40 

EXAMPLE 539 

[5-[3-(3,4,8,9-Tetrahydro-6-meth^^ 
2-acetamide 1,1 -dioxide 

45 

[1 281 ] Potassium tert-butoxide (77 mg, 0.687 mmol) was added to a solution of 2-[3-(3,4,8,9-tetrahydro-6-methoxy- 
S.S.S.B-tetramethylfurop.S-hlisoquinolin-l-ylJphenyll-I^.S-thiadiazolidine 1,1-dioxide (313 mg, 0.687 mmol) in N.N- 
dimethylformamide (3 mL) and the mixture was stirred at room temperature for 30 minutes. 2-Bromoacetamide (95 
mg, 0.687 mmol) was added to the mixture and the mixture was stirred at room temperature for 2 hours, and 2-bro- 

50 moacetamide (95 mg, 0.687 mmol) was further added and the mixture was stirred at room temperature for 1 hour. 
Water was poured into the reaction mixture, which was extracted three times with ethyl acetate. The combined organic 
layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a basic silica gel (ethyl acetate, ethyl acetate/triethylamine 50: 1 followed 
by ethyl acetate/methanol/triethylamine 50:1 :1 ), crystallized from ethyl acetate-diisopropyl etherto obtain the title com- 

55 pound (206 mg, yield: 59%). 
Melting point: 206-208 °C. 

1 H NMR (CDCI3) 8 1 .25 (6H, s), 1 .32 (6H, s), 2.26 (2H, br s), 2.69 (2H, s), 3.65 (2H, t, J = 6.6 Hz), 3.85 (2H, s), 3.92 
(2H, t, J = 6.6 Hz), 3.92 (3H, s), 5.63 (1 H, br s), 6.61 (1 H, s), 6.62 (1 H, br s), 7.26-7.30 (2H, m), 7.38-7.45 (2H, m). 
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EXAMPLE 540 

5-[3-(3,4,8,9-Tetrahydro-6-meth^^ 
2-acetic acid ethyl ester 1,1 -dioxide 

5 

[1 282] Potassium tert-butoxide (695 mg, 6.1 9 mmol) was added to a solution of 2-[3-(3,4 I 8 ( 9-tetrahydro-6-methoxy- 
S.S^^-tetramethylfuro^.S-hlisoquinolin-l-yOphenyll-I^.S-thiadiazolidine 1,1 -dioxide (1.88 g, 4.13 mmol) in N,N- 
dimethylformamide (15 mL) and the mixture was stirred at room temperature for 30 minutes. Ethyl bromoacetate (0.46 
mL, 4.13 mmol) was added to the mixture, and the mixture was stirred at room temperature for 1 hour. Water was 
10 poured into the reaction mixture, which was extracted three times with ethyl acetate. The combined organic layer was 
washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1 followed by 1:1), crystallized 
from diethyl ether to obtain the title compound (583 mg, yield: 26%). 
Melting point: 153-155 °C. 

15 1H NMR (CDCI 3 ) 5 1 .25 (6H, s), 1 .31 (3H, t, J = 7.0 Hz), 1 .32 (6H, s), 2.27 (2H, s), 2.69 (2H, s), 3.73 (2H, t, J = 6.2 
Hz), 3.92 (2H, t, J = 6.2 Hz), 3.92 (5H, s), 4.25 (2H, q, J = 7.0 Hz), 6.60 (1H, s), 7.23-7.27 (2H, m), 7.41-7.43 (2H, m). 

EXAMPLE 541 

20 2-[(2-Oxo-3-pyrrolidinyl)amino]-N-[3-(3,4,8,9-tetrah^ 
phenyl]acetamide dihydrochloride 

[1 283] D,L-3-Amino-2-pyrrolidinone (83 mg, 0.825 mmol), potassium carbonate (1 1 4 mg, 0.825 mmol) and potassium 
iodide (13 mg, 0.0750 mmol) were added to a solution of 2-chloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetram- 

25 ethylfuro[2,3-h]isoquinolin-1 -yl)phenyl]acetamide (320 mg, 0.750 mmol) in N,N-dimethylformamide (3 mL) and the mix- 
ture was stirred at 60 °C for 1 hour. An aqueous solution of sodium chloride was poured into the reaction mixture, which 
was extracted twice with ethyl acetate-tetrahydrofuran. The combined organic layer was washed with brine, dried over 
sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a basic silica gel (ethyl acetate/methanol 10:1 followed by ethyl acetate/methanol/triethylamine 50:5:1) to 

30 obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ 
ethyl acetate solution, concentrated under reduced pressure, crystallized from ethanol-ethyl acetate-diisopropyl ether 
to obtain the title compound (245 mg, yield: 58%). 
Melting point: 181-184 °C. 

1 H NMR (DMSO-d 6 ) 5 1.24 (6H, s), 1.44 (6H, s), 2.10-2.42 (4H, m), 3.16-3.30 (4H, m), 3.94 (3H. s), 4.01-4.33 (3H, 
35 m), 7.10 (1H, s), 7.37 (1H, d, J = 8.0 Hz), 7.65 (1H, t, J = 8.0 Hz), 7.86 (1H, s), 7.87 (1H, d, J = 8.0 Hz), 8.40 (1H, s), 
9.40-10.00 (2H, m), 11.32 (1H,s). 

EXAMPLE 542 

40 2-[Acetyl(2-oxo-3-pyrrolidinyl)amino]-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8 I 8-tetramethylfuro[2,3-h]isoquinoli 
1 -yl)phenyl]acetamide hydrochloride 

[1 284] D,L-3-Amino-2-pyrrolidinone (87 mg, 0.871 mmol), potassium carbonate (1 20 mg, 0.871 mmol) and potassium 
iodide (13 mg, 0.0792 mmol) were added to a solution of 2-chloro-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetram- 

45 ethylfuro[2,3-h]isoquinolin-1 -yl)phenyl]acetamide (338 mg, 0.792 mmol) in N,N-dimethylformamide (3 mL) and the mix- 
ture was stirred at 60 °C for 2.5 hours. With cooling in ice, acetyl chloride (0.12 mL, 0.174 mmol) and triethylamine 
(0.36 mL, 2.61 mmol) were added to the mixture, and the mixture was stirred at room temperature for 2 hours. Water 
was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was 
washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was 

50 subjected to a column chromatography on a basic silica gel (ethyl acetate/methanol 50:1 followed by 10:1) to obtain 
a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl 
acetate solution, concentrated under reduced pressure, crystallized from ethanol-diisopropyl ether to obtain the title 
compound (167 mg, yield: 37%). 
Melting point: 197-200 °C. 

55 1H NMR (DMSO-d 6 ) 6 1.22 <6H, s), 1.42 (6H, s), 1.96 (3H, s), 2.05-2.33 (4H, m), 3.10-3.58 (4H, m), 3.94 (3H, s), 
4.15-4.81 (3H, m), 7.10 (1H, s), 7.29 (0.5H, d, J = 7.6 Hz), 7.35 (0.5H, d, J = 7.6 Hz), 7.55-7.67 (1H, m), 7.70-8.05 
(1H, m), 7.98 (1H, s), 8.12 (0.5H, s), 8.19 (0.5H, s), 10.49 (0.5H, s), 11.23 (0.5H, s). 
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EXAMPLE 543 

2- [Methyl(2-oxo-3-pyrrolidinyl)amino]-N-[3-(3,4,8,9^ 

1 -yl)phenyl]acetamide 

5 

[1 285] Potassium carbonate (89 mg, 0.645 mmol) and iodomethane (0.021 mL, 0.338 mmol) were added to a solution 
of 2-[(2-oxo-3-pyrrolidinyl)amino]-N-[3-(3,4,8,9-tetrahy 

phenyl]acetamide dihydrochloride (173 mg, 0.307 mmol) in N,N-dimethylformamide (1.5 mL) with cooling in ice, and 
the mixture was stirred at room temperature for 2 hours. Brine was poured into the reaction mixture, which was extracted 
10 twice with ethyl acetate-tetrahydrofuran. The combined organic layer was washed with brine, dried over sodium sulfate, 
filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic 
silica gel (hexane/ethyl acetate/triethylamine 30:1:1), crystallized from ethyl acetate-diethyl ether to obtain the title 
compound (4 mg, yield: 3%). 
Melting point: 112-114 °C. 

15 m NMR (CDCI 3 )51.23 (3H, s), 1.27 (3H, s), 1.32 (6H, s), 2.05-2.45 (2H, m), 2.30 (2H, s), 2.50 (3H, s),2.68 (2H, s), 
3.29 (2H, s), 3.32-3.42 (2H, m), 3.55-3.64 (1H, m), 3.92 (3H, s), 5.64 (1H, s), 6.60 (1H, s), 7.07 (1H, d, J = 8.0 Hz), 
7.34 (1 H, t, J = 8.0 Hz), 7.54 (1 H, s), 7.89 (1 H, d, J = 8.0 Hz), 9.67 (1 H, s). 

EXAMPLE 544 

20 

3- (6-Ethoxy-3,4,8,9-tetrahydro-3 t 3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoic acid ethyl ester 

[1286] A solution of ethyl 3-cyanobenzoate (27.6 g, 157 mmol) in acetic acid (90 mL)-toluene (150 mL) was treated 
dropwise with cone, sulfuric acid (17.6 mL, 330 mmol) with cooling in ice, and 1-(7-ethoxy-2,3-dihydro-2,2-dimethyl- 
25 5-benzofuranyl)-2-methyl-1 -propanol (50.0 g, 1 89 mmol) was added thereto at room temperature, and the mixture was 
stirred at 65 °C for 1 hour. Ethanol (1 05 mL) was added dropwise to the mixture and the mixture was stirred at 75 °C 
for 40 minutes. Water was poured into the reaction mixture, and the organic phase was separated and extracted with 

2 M hydrochloric acid. The combined aqueous layer was neutralized with cone, aqueous ammonia, and extracted twice 
with ethyl acetate (I). The combined organic layer was washed with 0.5 M aqueous solution of sodium hydroxide (II), 

30 water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was crys- 
tallized from hexaneto obtain the title compound (11.8 g, yield: 18%). 
Melting point: 97-100 °C. 

1 H NMR (CDCi 3 ) 8 1 .25 (6H, s), 1 .30 (6H, s), 1 .39 (3H, t, J = 7.1 Hz), 1 .47 (3H, t, J = 7.1 Hz), 2.1 5 (2H, s), 2.68 (2H, 
s), 4.19 (2H, q, J = 7.1 Hz), 4.38 (2H, q, J = 7.1 Hz), 6.62 (1H, s), 7.47 (1H, ddd, J = 7.5, 7.4, 1.2 Hz), 7.61 (1H, ddd, 
35 J = 7.4, 1.8, 1.2 Hz), 8.06-8.10 (2H,m). 

EXAMPLE 545 

3-(6-Ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzoic acid 

40 

[1287] The aqueous layers in EXAMPLE 544 ((I) and (II)) were combined, neutralized with 5 M hydrochloric acid, 
and extracted three times with ethyl acetate-tetrahydrofuran. The combined organic layer was concentrated under 
reduced pressure, crystallized from ethyl acetate to obtain the title compound (2.77 g, yield: 5%). 
Melting point: 137-139 °C. 

45 1H NMR (CDCI 3 ) 5 1.28 (12H, s), 1.49 (3H, t, J = 7.1 Hz), 2.17 (2H, s), 2.66-3.10 (2H, br), 4.23 (2H, q, J = 7.1 Hz), 
6.65 (1H, s), 7.33-7.41 (2H, m), 7.94-7.97 (1H, m), 8.27 (1H, s). 

EXAMPLE 546 

50 3-(6-Ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine dihydrochloride 

[1288] 3-(6-Ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzenamine (9.36 g, 25.7 
mmol) was dissolved in ethyl acetate, 4 M hydrogen chloride/ethyl acetate solution was added thereto, and the mixture 
was concentrated under reduced pressure, crystallized from ethanol-ethyl acetate to obtain the title compound (4.47 
55 g , yield: 40%). 

Melting point: 240 °C (decomposition). 

1 H NMR (DMSO-d 6 ) 5 1.26 (6H, s), 1.37 (3H, t, J = 7.0 Hz), 1.42 (6H, s), 2.10-2.55 (2H, m), 3.00-3.30 (2H, m), 4.23 
(2H, q, J = 7.0 Hz), 6.99-7.07 (3H, m), 7.19 (1H, d, J = 7.6 Hz), 7.44 (1H, dd, J = 8.2, 7.6 Hz). 
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EXAMPLE 547 

[[4-[[[3-(6-Ethoxy-3,4,8,9-tetrahydro 
methyljphosphonic acid diethyl ester hydrochloride 

5 

[1289] 1-Hydroxy-1H-benzotriazole monohydrate (327 mg, 2.13 mmol), triethylamine (0.95 mL, 6.79 mmol) and 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (483 mg, 2.52 mmol) were added to a solution of 
S^S-ethoxy-S^.S^-tetrahydro-S.S.S.S-tetramethylfuro^.S-hlisoquinolin-l -yl)benzenamine dihydrochloride (850 mg, 
1.94 mmol) and 4-[(diethoxyphosphinyl)methyl]benzoic acid (529 mg, 1.94 mmol) in N,N-dimethylformamide (6 mL) 

io and the mixture was stirred at room temperature for 7 hours. 4-[(Diethoxyphosphinyl)methyl]benzoic acid (211 mg, 
0.776 mmol) was added to the mixture and the mixture was stirred under the same condition for 1 2 hours. Ice water 
was poured into the reaction mixture, which was extracted three times with ethyl acetate. The combined organic layer 
was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was 
subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :1 followed by ethyl acetate) to 

15 obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ 
ethyl acetate solution, concentrated under reduced pressure, crystallized from ethanol-diisopropyi ether to obtain the 
title compound (682 mg, yield: 54%). 
Melting point: 190-191 °C. 

1 H NMR (DMSO-d 6 -D 2 0 (1 drop)) 51.18 (6H, t, J = 7.1 Hz), 1 .25 (6H, s), 1 .38 (3H, t, J = 7.0 Hz), 1 .42 (6H, s), 2.20-2.32 
20 (1 H, m), 2.40-2.53 (1 H, m), 3.00-3.30 (2H, m), 3.35 (2H, d, J = 21 .9 Hz), 3.91 -4.03 (4H, m), 4.25 (2H, q, J = 7.0 Hz), 
7.09 (1H, s), 7.36 (1H, d, J = 7.7 Hz), 7.44 (2H, dd, J = 8.3, 2.3 Hz), 7.64 (1H, t, J = 7.7 Hz), 7.94 (2H, d, J = 8.3 Hz), 
8.06 (1H, d, J = 7.7 Hz), 8.09 (1H, s), 10.59 (1H, s). 

EXAMPLE 548 

25 

6-(Ethylsulfinyl)-3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-1-phenylfuro[2,3-h]isoquinoline 

[1290] A solution of sodium metaperiodate (434 mg, 2.03 mmol) in water (2.5 mL) was added to a solution of 6-(ethyl- 

thio)-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinoline hydrochloride (326 mg, 0.811 mmol) in methanol 
30 (3.5 mL) and the mixture was stirred at room temperature for 2 hours. Water was poured into the reaction mixture, 

which was combined with sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic 

layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 

The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 5:1), crystallized 

from diisopropyl ether-hexane to obtain the title compound (168 mg, yield: 54%). 
35 Melting point: 146-147 °C. 

1 H NMR (CDCI 3 ) 8 1.20-1.30 (15H, m), 2.19 (2H, s), 2.77 (2H, s), 2.82-3.18 (2H, m), 7.41-7.42 (6H, m). 

EXAMPLE 549 

40 S-tS^.S^-Tetrahydro-S.S.S.S-tetramethyl-e-tpropylthioJfurop.S-hjisoquinolin-l -yljbenzoic acid ethyl ester 

[1 291 ] 1 .57 M n-butyllithium /hexane solution (42.3 mL, 66.4 mmol) was treated dropwise successively with a solution 
of N.N.N'.N'-tetramethylethylenediamine (1 0.0 mL, 66.4 mmol) in tetrahydrofuran (1 5 mL), a solution of 7-bromo-2,3-di- 
hydro-2,2-dimethyl-5-(2-methyl-1-prpenyl)benzofuran (4.68 g, 16.6 mmol) in tetrahydrofuran (15 mL) and a solution of 

45 n-propyl disulfide (20 g, 1 33 mmol) in tetrahydrofuran (15 mL) at -78°C, and the mixture was allowed to warm to room 
temperature while stirring for 1 5 hours. The reaction mixture was poured into a saturated aqueoussolution of ammonium 
chloride, and extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over mag- 
nesium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chroma- 
tography on a silica gel (hexane followed by hexane/ethyl acetate 50:1) to obtain an about 15:2 mixture of 2,3-dihydro- 

50 2,2-dimethyl-5-(2-methyl-1 -propenyl)-7-(propylthio)benzofuran and 2,3-dihydro-2,2-dimethyl-5-(2-methyl-1 -propenyl) 
benzofuran (4.11 g). 

[1292] A suspension of the resultant mixture (1 .01 g) and ethyl 3-cyanobenzoate (601 mg, 3.43 mmol) in acetic acid 
(2 mL)-toluene (4.5 mL) was treated dropwise with cone, sulfuric acid (0.38 mL, 7.20 mmol) with cooling in ice, and 
stirred at 60 °C for 1 hour. Ethanol (2.1 mL, 34.9 mmol) was added dropwise to the mixture, and the mixture was stirred 
55 at the same temperature for 30 minutes. Ice water was poured into the reaction mixture, which was neutralized with 
sodium hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed with 
brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a 
column chromatography on a basic silica gel (hexane/ethyl acetate 50:1 followed by 10:1), and subjected again to a 
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column chromatography on a silica gel (hexane/ethyl acetate 10:1 followed by 5:1), crystallized from hexane to obtain 
the title compound (136 mg, yield: 9%). The mother liquor was crystallized from hexane to obtain the second crystal 
of the title compound (78 mg, yield: 5%). 
Melting point: 83-84 °C. 

5 1H NMR (CDCI3) 5 1 .05 (3H, t, J = 7.3 Hz), 1 .25 (6H, s), 1 .29 (6H, s), 1 .39 (3H, t, J = 7.2 Hz), 1 .64-1 .76 (2H, m), 2.16 
(2H, s), 2.68 (2H, s), 2.95 (2H, t, J = 7.2 Hz), 4.39 (2H, q, J = 7.2 Hz), 6.92 (1 H, s), 7.48 (1 H, dd, J = 7.8, 7.2 Hz), 7.62 
(1H, d, J = 7.8 Hz), 8.07-8.10 (2H, m). 

EXAMPLE 550 

10 

S-ie^EthylthioJ-S^^^-tetrahydro-S.S^.S-tetramethylfurop.S-hJisoquinolin-l -yl]benzoic acid isopropyl ester 

[1293] To a suspension of 7-(ethylthio)-2,3-dihydro-2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran (811 mg, 3.21 
mmol) and isopropyl 3-cyanobenzoate (552 mg, 2.92 mmol) in acetic acid (3 mL)-toluene (6 ml_) was treated dropwise 

'5 with cone, sulfuric acid (0.33 mL, 6.13 mmol) with cooling in ice, and stirred at 70 °C for 1 .5 hours. Ice water was 
poured into the reaction mixture, which was neutralized with sodium hydrogen carbonate and extracted twice with ethyl 
acetate. The combined organic layer was washed with a brine, dried over sodium sulfate, filtered and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 
10:1) and crystallized from pentane to obtain the title compound (86 mg, yield: 7%). 

20 Melting point: 108-110 °C. 

1 H NMR (CDCI3) 8 1 .26 (6H, s), 1 .92 (6H, s), 1 .34 (3H, t, J = 7.5 Hz), 1 .36 (6H, d, J = 6.3 Hz), 2.1 7 (2H, s), 2.69 (2H, 
s), 3.00 (2H, q, J = 7.5 Hz), 5.20-5.33 (1H, m), 6.94 (1H, s), 7.48 (1H, t, J = 7.8 Hz), 7.61 (1H, dd, J = 7.8, 1.5 Hz), 
8.04 (1 H, t, J = 1 .5 Hz), 8.09 (1 H, dd, J = 7.8, 1 .5 Hz). 

25 EXAMPLE 551 

3-[5-(Cyanomethyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl]benzoic acid methyl 
ester hydrochloride 

30 [1294] Paraformaldehyde (94%) (841 mg, 26.3 mmol), sodium bromide (2.98 g, 29.0 mmol) and cone, sulfuric acid 
(2.11 mL, 39.6 mmol) were added to a solution of S-tS^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hliso- 
quinolin-1-yl]benzoic acid methyl ester (4.99 g, 12.7 mmol) in acetic acid (6.5 mL) and the mixture was stirred at 100 
°C for 11 hours. Methanol was added dropwise at 75 °C, and the mixture was stirred at the same temperature for 3 
hours. Water was poured into the reaction mixture, which was washed with diisopropyl ether, neutralized with sodium 

35 hydrogen carbonate, and extracted twice with ethyl acetate. The combined organic layer was washed with 1 M aqueous 
solution of sodium hydroxide and a brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5:1) to obtain 3-[5-(bro- 
momethyO-S^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hlisoquinolin-l-yllbenzoic acid methyl ester 
(1.30 g, yield: 21%) as an amorphous material. 

40 1H NMR (CDCI3) 5 1.28 (6H, s), 1.29 (6H, s), 2.12 (2H, s), 2.72 (2H, s), 3.92 (3H, s), 4.05 (3H, s), 4.64 (2H, s), 7.48 
(1 H, t, J = 7.9 Hz), 7.61 (1 H, dd, J = 7.9, 1 .6 Hz), 8.06 (1 H, d, J = 1 .6 Hz), 8.08 (1 H, dd, J = 7.9, 1 .6 Hz). 
[1 295] A solution of potassium cyanide (1 74 mg, 2.67 mmol) in water (2.5 mL) was added to a solution of the resultant 
bromo-derivative (1 .30 g, 2.67 mmol) in N,N-dimethylformamide (8 mL) and the mixture was stirred at room temperature 
for 1 hour. Ice water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined 

45 organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 10:1 followed by 
5:1) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen 
chloride/ethyl acetate solution, concentrated under reduced pressure, crystallized from ethyl acetate to obtain the title 
compound (926 mg, yield: 74%). 

50 Melting point: 1 86-1 88 °C. 

1 H NMR (DMSO-d 6 ) 5 1 .25 (6H t s), 1 .45 (6H, s), 2.15 (2H, s), 3.19 (2H, s), 3.91 (3H, s), 4.02 (2H, s), 4.07 (3H, s), 7.78 
(1 H, t, J = 7.6 Hz), 7.89 (1 H, d, J = 7.6 Hz), 8.21 (1 H, s), 8.28 (1 H, d, J = 7.6 Hz). 
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EXAMPLE 552 

3-[5-(Cyanomethyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8^^ acid 
hydrochloride 

[1296] The title compound was obtained from S-p^cyanomethyO-a^.S.Q-tetrahydro-e-methoxy-S.S.S.e-tetrameth- 
ylfuro[2,3-h]isoquinolin-1-yl]benzoic acid methyl ester hydrochloride by the method similar to that in EXAMPLE 80. 
Quantitative. Melting point: 182-184 °C (acetone-ethyl acetate). 

1H NMR (DMSO-d 6 ) 8 1.25 (6H, s), 1 .45 (6H, s), 2.16 (2H, s), 3.19 (2H, s), 4.02 (2H, s), 4.07 (3H, s), 7.75 (1H, t, J = 
7.8 Hz), 7.87 (1H, d, J = 7.8 Hz), 8.18 (1H, s), 8.26 (1H, d, J = 7.8 Hz). 

EXAMPLE 553 

3-[5-(Cyanomethyl)-3,4,8,9-tetrahydro-6-meth^ 
hydrochloride 

[1297] N.N'-Carbonyldiimidazole (118 mg, 0.728 mmol) was added to a solution of 3-[5-(cyanomethyl)-3,4,8,9-tet- 
rahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hJisoquinolin-l-yllbenzoic acid hydrochloride (331 mg, 0.728 mmol) in 
N,N-dimethylformamide (3 mL) and the mixture was stirred at room temperature for 40 minutes. Triethylamine (0.11 
mL, 0.801 mmol) and methylamine hydrochloride (54 mg, 0.801 mmol) were added to the mixture, and the mixture 
was stirred at room temperature for 4 hours. Ice water was poured into the reaction mixture, which was extracted twice 
with ethyl acetate. The combined organic layer was washed with 1 M aqueous solution of sodium hydroxide, water 
and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to 
a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :1 ) to obtain a free base of the title compound. 
This was dissolved in ethyl acetate, combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under 
reduced pressure, crystallized from ethyl acetate to obtain the title compound (139 mg, yield: 41%). 
Melting point: 160-162 °C. 

1 H NMR (DMSO-d 6 ) 8 1 .26 (6H, s), 1 .45 (6H, s), 2.18 (2H, s), 2.81 (3H, d, J = 4.0 Hz), 3.18 (2H, s), 4.02 (2H, s), 4.07 
(3H, s), 7.67-7.74 (2H, m), 8.12-8.19 (2H, m), 8.77 (1H, brs). 

EXAMPLE 554 

S-lS-tCyanomethyO-S^^^-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hlisoquinolin-l-yll-N-thexahydro- 
2-OXO-1 H-azepin-3-yl)benzamide 

[1298] Triethylamine (0.10 mL, 0.743 mmol) and N,N'-carbonyldiimidazole (120 mg, 0.743 mmol) were added to a 
solution of 3-[5-(cyanomethyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl]benzoic 
acid hydrochloride (338 mg, 0.743 mmol) in N,N-dimethylformamide (3 mL) and the mixture was stirred at room tem- 
perature for 40 minutes. 3-Aminohexahydro-2H-azepin-2-one (101 mg, 0.784 mmol) was added to the mixture and the 
mixture was stirred at room temperature for 4.5 hours. Ice water was poured into the reaction mixture, which was 
extracted twice with ethyl acetate. The combined organic layer was washed with 1 M aqueous solution of sodium 
hydroxide, water and a brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1:2), crystallized from ethyl 
acetate to obtain the title compound (206 mg, yield: 52%). Melting point: 130-132 °C. 

1 H NMR (CDCI3) 8 1.28 (12H, s), 1.48-1.70 (2H, m), 1.80-2.30 (4H, m), 2.13 (2H, s), 2.69 (2H, s), 3.25-3.40 (2H, m), 
3.74 (2H, s), 4.04 (3H, s), 4.69-4.77 (1H, m), 6.15 (1H, brs), 7.47-7.49 (2H, m), 7.71 (1H, d, J = 5.6 Hz), 7.88-7.95 
(2H, m). 

EXAMPLE 555 

N-[3-[5-(Cyanomethyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl]benzoyl]- 
2-methylalanine ethyl ester 

[1299] 1 -Hydroxy- 1 H-benzotriazole monohydrate (829 mg, 5.41 mmol), triethylamine (2.40 mL, 17.2 mmol) and 
1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1 .23 g, 6.40 mmol) were added to a solution of 3-[5-(cy- 
anomethyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl]benzoic acid hydrochloride 
(2.24 g, 4.92 mmol) and ethyl 2-aminoisobutyrate hydrochloride (907 mg, 5.41 mmol) in N,N-dimethylformamide (10 
mL) and the mixture was stirred at room temperature for 1.5 hours. Ice water was poured into the reaction mixture, 
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which was extracted three times with ethyl acetate. The combined organic layer was washed with 0.5 M aqueous 
solution of sodium hydroxide and a brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 3:1 followed by 2: 
1), crystallized from ethyl acetate-diethyl ether to obtain the title compound (1 .50 g, yield: 57%). 
5 Melting point: 126-128 °C. 

1H NMR (CDCI 3 ) 5 1 .29 (3H, t, J = 7.0 Hz), 1 .29 (12H. s), 1 .68 (6H, s), 2.13 (2H. s), 2.69 (2H, s), 3.75 (2H, s), 4.04 
(3H, s), 4.24 (2H, q, J = 7.0 Hz), 6.89 (1H, s), 7.46-7.48 (2H, m), 7.81-7.89 (2H ( m). 

EXAMPLE 556 

10 

N-[3-[5-(Cyanomethyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl]benzoyl]- 
2-methylalanine hydrochloride 

[1 300] 5 M aqueous solution of sodium hydroxide (2 mL) was added to a solution of N-[3-[5-(cyanomethy1)-3,4,8,9-tet- 
'5 rahydro-e-methoxy-S.S.S.e-tetramethylfuro^.S-hlisoquinolin-l-yllbenzoyll^-methylalanine ethyl ester (1.05 g, 1.98 
mmol) in ethanol (8 mL) and the mixture was stirred at room temperature for 1 hour. The reaction mixture was made 
acidic with 5 M hydrochloric acid, and the solvent was distilled off. The residue was dissolved in methanol, and the 
insolubles were filtered off. The filtrate was concentrated under reduced pressure, and this procedure was repeated 
three times. The residue was crystallized from acetone-ethyl acetate to obtain the title compound (1 .04 g, yield: 97%). 
20 Melting point: 191-194 °C. 

1 H NMR (DMSO-d 6 ) 6 1 .27 (6H, brs), 1.42 (6H, br s), 1.48 (6H, s), 2.24 (2H, s), 3.05-3.30 (2H, m), 3.95-4.13 (5H, m), 
7.65-7.80 (2H, m), 8.18-8.30 (2H, m), 8.80 (1H, s). 

EXAMPLE 557 

25 

N-(2-Amino-2-oxoethyl)-3-[5-(cyanomethyl)-3,4 ) 8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin- 
1-yi]benzamide hydrochloride 

[1301] 1-Hydroxy-1H-benzotriazole monohydrate (377 mg, 2.46 mmol), triethylamine (1.09 mL, 7.84 mmol) and 
30 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (559 mg, 2.91 mmol) were added to a solution of 3-[5-(cy- 
anomethyO-S^.S.g-tetrahydro-e-methoxy-S.S.B.S-tetramethylfurop.S-hlisoquinolin-l-yllbenzoic acid hydrochloride 
(1.02 g, 2.24 mmol) and glycinamide hydrochloride (248 mg, 2.24 mmol) in N,N-dimethylformamide (6 mL) and the 
mixture was stirred at room temperature for 6 hours. Water was poured into the reaction mixture, which was extracted 
three times with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered 
35 and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 
gel (ethyl acetate/met h an o I 100:1) to obtain a free base of the title compound. This was dissolved in ethyl acetate, 
combined with 4 M hydrogen chloride/ethyl acetate solution, concentrated under reduced pressure, triturated with 
diethyl ether to obtain the title compound (425 mg, yield: 37%). 
Amorphous. 

40 1H NMR (DMSO-d 6 ) 5 1 .27 (6H, s), 1 .46 (6H, s), 2.22 (2H, s), 3.20 (2H, s), 3.85 (2H, d, J = 3.8 Hz), 4.03 (2H, s), 4.08 
(3H, s), 7.09 (1H,s), 7.47 (1H, s), 7.74-7.80 (2H, m), 8.18-8.25 (2H, m), 8.99 (1H, s). 

EXAMPLE 558 

45 N-(2-Amino-1,1-dimethyl-2-oxoethyl)-3-[5-(cyanomethyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfurot2,3 
isoquinolin-1 -yljbenzamide 

[1 302] 1 -Hydroxy-1 H-benzotriazole ammonium salt (1 76 mg, 1 . 1 6 mmol) and 1 -ethyl-3-(3-dimethylaminopropyl)car- 
bodiimide hydrochloride (240 mg, 1 .25 mmol) were added to a solution of N-[3-[5-(cyanomethyl)-3,4,8,9-tetrahydro- 

50 6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl]benzoyl]-2-methylalanine hydrochloride (521 mg, 0.965 
mmol) in N,N-dimethylformamide (5 mL) and the mixture was stirred at room temperature for 1 0 minutes. Triethylamine 
(0.40 mL, 2.90 mmol) was added to the mixture and the mixture was stirred at room temperature for 3 hours. Ice water 
was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 

55 was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :2 followed by ethyl acetate), 
crystallized from ethyl acetate-diisopropyl ether to obtain the title compound (323 mg, yield: 67%). 
Melting point: 21 7-21 9 °C. 

1 H NMR (CDCI3) 8 1.29 (12H, s), 1 .71 (6H, s), 2.14 (2H, s), 2.69 (2H, s) ( 3.74 (2H ( s), 4.04 (3H, s), 5.44 (1H, br s), 
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6.42 (1H, brs), 7.26-7.27 (1H, m) t 7.47-7.48 (2H, m), 7.84-7.89 (2H, m). 
EXAMPLE 559 

5 3-[5-(Cyanomethyl)-3,4,8,9-tetrahydro-6-methoxy-3,3,^^ 

2- oxo-2-[(2-oxo-3-pyrrolidinyl)amino]ethyl]benzamide 

[1303] 1 -Hydroxy- 1 H-benzotriazole monohydrate (138 mg, 0.904 mmol), triethylamine (0.29 mL, 2.06 mmol) and 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (205 mg, 1.07 mmol) were added to a solution of 
10 N-[3-[5-(cyanomethyl)-3,4,8 l 9-tetrahydro-6-methoxy-3 > 33,8-tetramethylfuro[2,3-h]isoquinolin-1-yl]benzoyl]-2-methyl- 
alanine hydrochloride (444 mg, 0.822 mmol) and D,L-3-amino-2-pyrrolidinone (82 mg, 0.822 mmol) in N,N-dimethyl- 
formamide (4 mL) and the mixture was stirred at room temperature for 6 hours. Ice water was poured into the reaction 
mixture, which was extracted three times with ethyl acetate. The combined organic layer was washed with brine, dried 
over sodium sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column enro- 
ls matography on a basic silica gel (ethyl acetate/methanol 100:1 followed by 10:1), and the resultant crystals were 
washed with diisopropyl ether to obtain the title compound (157 mg, yield: 33%). 
Melting point: 137-139 °C. 

1H NMR (CDCI 3 ) 8 1.29 (12H, s), 1.70 (3H, s), 1.72 (3H, s), 1.94-2.08 (1H, m), 2.14 (2H, s), 2.69 (2H, s), 2.70-2.85 
(1H, m), 3.16-3.45 (2H, m), 3.75 (2H, s), 4.04 (3H, s), 4.26-4.34 (1 H, m), 5.99 (1H, s), 6.91 (1H, d, J = 3.6 Hz), 7.13 
20 (1H, s), 7.44-7.49 (2H, m), 7.87 (2H, s). 

EXAMPLE 560 

S^.S^-Tetrahydro-e-methoxy-S.S.S.S-tetramethyl-l-phenyl-S-furo^.S-hlisoquinolinecarboxaldehyde hydrochloride 

25 

[1304] Manganese dioxide (4.90 g, 56.4 mmol) was added to a solution of SAS.g-tetrahydro-e-methoxy-S.S.e.e-te- 
tramethyl-5-furo[2,3-h]isoquinolinemethanol (1 .03 g, 2.82 mmol) in chloroform (15 mL) and the mixture was stirred at 
room temperature for 2 hours, and at 50 °C for 1 5 hours. Inorganic salts weref iltered off and thef iltrate was concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 
30 5;1) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen 
chloride/ethyl acetate solution, concentrated under reduced pressure, crystallized from ethyl acetate-hexane to obtain 
the title compound (344 mg, yield: 31%). 
Melting point: 136-139 °C. 

1 H NMR (DMSO-d 6 ) 8 1 .29 (6H, s), 1 .43 (6H, s), 2.24 (2H, s), 3.40 (2H, s), 4.1 4 (3H, s), 7.60-7.82 (5H, m), 1 0.42 (1 H, s). 

35 

EXAMPLE 561 

S^.S^-Tetrahydro-e-methoxy-S^.S^-tetramethyl-l-phenyl-S-furo^.S-hjisoquinolinecarbonitrile 

40 [1305] Hydroxylamine hydrochloride (30 mg, 0.435 mmol) was added to a solution of 3,4,8,9-tetrahydro-e-methoxy- 
3,3,8,8-tetramethyl-1-phenyl-5-furo[2,3-h]isoquinolinecarboxaldehyde hydrochloride (116 mg, 0.290 mmol) in formic 
acid (1 mL) and the mixture was stirred at 1 00 °C for 3 hours. Water was poured into the reaction mixture, which was 
neutralized with cone, aqueous ammonia and extracted twice with ethyl acetate. The combined organic layer was 
washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 

« was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5:1), and the resultant crystals were 
washed with diisopropyl ether-hexane to obtain the title compound (55 mg, yield: 53%). 
Melting point: 166-168 °C. 

1 H NMR (CDCI 3 ) 5 1 .27 (6H, s), 1 .30 (6H, s), 2.19 (2H, s), 2.87 (2H, s), 4.13 (3H, s), 7.35-7.43 (5H, m). 
50 EXAMPLE 562 

3- [5-(Cyanomethyl)-6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl]benzoicacid ethyl ester 
hydrochloride 

55 [1306] Paraformaldehyde (94%) (613 mg, 19.2 mmol), sodium bromide (2.17 g, 21.1 mmol) and cone, sulfuric acid 
(1 .71 mL, 32.0 mmol) were added to a solution of 3-(6-ethoxy-3,4,8,9-tetrahydro-3,3,8,8-tetramethylfurot2,3-h]isoqui- 
nolin-1-yl)benzoic acid (5.03 g, 12.8 mmol) in acetic acid (10 mL) and the mixture was stirred at 105 °C for 14 hours. 
Paraformaldehyde (94%) (409 mg, 1 2.8 mmol), sodium bromide (1 .45 g, 14.1 mmol) and cone, sulfuric acid (0.68 mL, 
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12.8 mmol) were further added to the mixture and the mixture was stirred at 1 1 5 °C for 1 0 hours. The reaction mixture 
was adjusted at pH 8 with 5 M aqueous solution of sodium hydroxide, and extracted with ethyl acetate. The organic 
layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was dissolved in ethanol (12 mL) and thionyl chloride (0.65mL, 8.94 mmol) was added thereto with cooling in ice, and 

5 the mixture was stirred at room temperature for 24 hours. The solvent was distilled off under reduced pressure, and 
the residue was combined with water, neutralized with sodium hydrogen carbonate, and extracted twice with ethyl 
acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 5:1) 
to obtain a-tS^bromomethyO-e-ethoxy-a^.B.Q-tetrahydro-a.S.S.S-tetramethylfuroP.a-hjisoquinolin-l -yljbenzoic acid 

io ethyl ester (170 mg, yield: 3%) as an oil. 

1 H NMR (CDCI 3 ) 8 1.27 (6H, s), 1.28 (6H. s), 1.37-1.42 (6H, m), 2.12 (2H, s), 2.77 (2H, s), 4.31 (2H, q, J = 7.1 Hz), 
4.39 (2H, q, J = 7.1 Hz), 4.76 (2H, s), 7.48 (1H, t, J = 7.8 Hz), 7.61 (1H, dd, J = 7.8, 1.5 Hz), 8.05-8.07 (1H, m), 8.09 
(1H, dt, J = 7.8, 1.5 Hz). 

[1307] A solution of sodium cyanide (18 mg, 0.362 mmol) in water (0.5 mL) was added to a solution of the resultant 
*5 bromo-derivative (170 mg, 0.330 mmol) in N,N-dimethylformamide (0.7 mL) and the mixture was stirred at room tem- 
perature for 1 hour and at 60 °C for 2 hours. Water was poured into the reaction mixture, which was extracted twice 
with ethyl acetate. The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concen- 
trated under reduced pressure. The residue was subjected to a column chromatography on a silica gel (hexane/ethyl 
acetate 3: 1 ) to obtain a free base of the title compound. This was dissolved in ethyl acetate, combined with 4 M hydrogen 
20 chloride/ethyl acetate solution, concentrated under reduced pressure, crystallized from ethyl acetate to obtain the title 
compound (111 mg, yield: 68%). 
Melting point: 126-128 °C. 

1H NMR (DMSO-d 6 ) 5 1 .25 (6H, s), 1 .30-1 .37 (6H, m), 1 .44 (6H, s), 2.16 (2H, s), 3.16 (2H, s), 4.01 (2H, s), 4.33-4.47 
(4H, m), 7.73-7.90 (2H, m), 8.18-8.29 (2H, m). 

25 

EXAMPLE 563 

(S)-N-(2-Oxo-3-azetidinyl)-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide 

30 [1308] 3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)benzoic acid hydrochloride 
(0.25 g, 0.6 mmol) was dissolved in N,N-dimethylformamide (3 mL), N-ethyldiisopropylamine (0.104 mL, 0.6 mmol) 
was added thereto, and the mixture was stirred for 5 minutes N.N'-Carbonyldiimidazole (0.107 g, 0.66 mmol) was 
added to the mixture and the mixture was stirred at room temperature for 30 minutes. (S)-3-Amino-2-azetidinone (0.057 
g, 0.66 mmol) was added to the reaction mixture and the mixture was stirred at room temperature for 15 hours. Ice 

35 water was added to the reaction mixture, which was extracted twice with ethyl acetate. The extract was washed with 
an aqueous solution of sodium chloride, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a silica gel, eluted with ethyl acetate/methanol/triethylamine 
(95:5:1) to collect the intended fraction, which was concentrated to obtain the title compound (0.171 g, yield: 63%). 
The title compound was recrystallized from diethyl ether. 

40 Melting point: 154-157 °C. 

1 H NMR (CDCI3) 5 1.29 (6H, s), 1.31 (6H, s), 2.16 (2H, s), 2.61 (2H, s), 3.22 (1H, br), 3.60 (1H, t, J = 5 Hz), 3.93 (3H, 
s), 5.10 (1H, br), 6.32 (1H, br), 6.61 (1H. s), 7.4-8.0 (4H, m), 8.03 (1H, br). 

EXAMPLE 564 

45 

N-(2-Oxo-3-pyrrolidinyl)-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benza 

[1309] 3-(3,4,8,9-Tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yljbenzoic acid hydrochloride 
(0.25 g, 0.6 mmol) was dissolved in N,N-dimethylformamide (3 mL), N-ethyldiisopropylamine (0.104 mL, 0.6 mmol) 

so followed by N.N'-carbonyldiimidazole (0.107 g, 0.66 mmol) were added thereto, and the mixture was stirred at room 
temperature for 1 hour. 3-Amino-2-pyrrolidinone (0.067 g, 0.66 mmol) was added to the reaction mixture and the mixture 
was stirred at room temperature for 15 hours. Ice water was added to the reaction mixture, which was extracted twice 
with ethyl acetate. The extract was washed with an aqueous solution of sodium chloride, dried over sodium sulfate, 
filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica 

55 gel, eluted with ethyl acetate/methanol (10:1) to collect the intended fraction, which was concentrated to obtain the 
title compound (0.184 g, yield: 66%). The title compound was recrystallized from diethyl ether. 
Melting point: 191-193 °C. 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .30 (6H, s), 1 .7-2.3 (2H, m), 2.15 (2H, s), 2.70 (2H, s), 3.2-3.5 (2H, m), 3.93 (3H, s), 
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4.62 (1H, br), 6.62 (1H, s), 7.00 (1H, br), 7.4-8.0 (4H, m), 7.70 (1H, br). 
EXAMPLE 565 

5 a^.S^-Tetrahydro-e-methoxy^^.S.S-tetramethyl-l-phenylfurop.S-hlisoquinoline 

[1310] N-[2-(2,3-Dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-m (0.269 g, 0.76 mmol) 

was suspended in phosphorus oxychloride (3.5 g, 22.8 mmol) and the mixture was stirred at 100-105 °C for 2 hours. 
After cooling to room temperature, the reaction mixture was poured into an aqueous solution of sodium carbonate 

10 while cooling in ice with stirring, adjusted at pH 7 and extracted twice with ethyl acetate. The extract was washed with 
an aqueous solution of sodium chloride, dried over magnesium sulfate, filtered and concentrated under reduced pres- 
sure. The residue was subjected to a column chromatography on a silica gel, eluted with hexane/ethyl acetate/triethyl- 
amine (67:33:1) to collect the intended fraction, which was concentrated to obtain the title compound (0.175 g, yield: 
68%). The title compound was recrystallized from diethyl ether/hexane (1 :2). 

15 Melting point: 137-139 °C. 

1 H NMR (CDCI 3 ) 5 1.28 (6H, s), 1.32 (6H, s), 2.26 (2H, s), 3.63 (2H, s), 3.95 (3H, s), 6.79 (1H, s), 7.42 (5H, s). 

EXAMPLE 566 

20 3-(3 p 4 ) 8,9-tetrahydro-6-methoxy-4,4,8 ) 8-tetramethylfuro[2 ) 3-h]isoquinolin-1-yl)benzonitrile 

[1311] 3-Cyano-N-[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropyl]benzamide (0.955 g, 
2.52 mmol) was suspended in phosphorus oxychloride (11.6 g, 75.6 mmol) and the mixture was stirred at 100-105 °C 
for 2 hours. After cooling to room temperature, the reaction mixture was poured into an aqueous solution of potassium 

25 carbonate while cooling in ice with stirring, and adjusted at pH 7 and extracted twice with ethyl acetate. The extract 
was washed with an aqueous solution of sodium chloride, dried over magnesium sulfate, filtered and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a silica gel, eluted with hexane/ 
ethyl acetate (3:2) to collect the intended fraction, which was concentrated to obtain the title compound (0.65 g, yield: 
71%). The title compound was recrystallized from diethyl ether. 

30 Melting point: 178-180 °C. 

1 H NMR (CDCI3) 5 1.24 (6H, s), 1.27 (6H, s), 2.23 (2H, s), 3.64 (2H, s), 3.96 (3H, s), 6.81 (1H, s), 7.4-7.9 (4H, m). 

EXAMPLE 567 

35 3-(3,4 l 8,9-Tetrahydro-6-methoxy-4,4,8,8-tetramethylfuro[2 l 3-h]isoquinolin-1-yl)benzamide 

[1312] S-iS^.S.g-Tetrahydro-e-methoxy^^.S.S-tetramethylfurop.S-hlisoquinolin-l-yObenzonitrile (0.446 g, 1.23 
mmol) was dissolved in methanol (7 mL), 1 M aqueous solution of sodium hydroxide (1.97 mL) and 30% aqueous 
solution of hydrogen peroxide (0.28 mL) were added thereto with cooling in ice, and the mixture was stirred at room 
40 temperature for 20 hours. Methanol was distilled off under reduced pressure, and the residue was diluted with water 
and extracted twice with ethyl acetate. The extract was washed with an aqueous solution of sodium chloride, dried 
over magnesium sulfate, filtered and concentrated under reduced pressure. The residue was recrystallized from ethyl 
acetate to obtain the title compound (0.275 g, yield: 59%). 
Melting point: 191-193 °C. 

45 1 H NMR (CDCI3) 5 1 .28 (6H, s), 1 .31 (6H, s), 2.24 (2H, s), 3.63 (2H, s), 3.95 (3H, s), 5.85 (1 H, br), 6.35 (1 H, br), 6.81 
(1H, s), 7.4-7.9 (4H, m). 

EXAMPLE 568 

50 S^.S.g-Tetrahydro-e-methoxy^^.S.S-tetramethyl-l-furo^.S-hjisoquinolinecarboxylic acid ethyl ester 

[1313] Ethyl [[2-(2,3-dihydro-7-methoxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropyl]amino]oxoacetate (0.510 g, 
0.76 mmol) was dissolved in phosphorus oxychloride (6.72 g, 43.8 mmol) and stirred at 1 00-1 05 °C for 3 hours. After 
cooling to room temperature, the reaction mixture was poured into 2 M aqueous solution of sodium hydroxide (30 mL) 
55 while cooling in ice with stirring, adjusted at pH 5 with sodium hydrogen carbonate, and extracted twice with ethyl 
acetate. The extract was washed with an aqueous solution of sodium chloride, dried over sodium sulfate, filtered and 
concentrated under reduced pressure. The residue was subjected to a column chromatography on a silica gel, eluted 
with hexane/ethyl acetate (2:1) to collect the intended fraction, which was concentrated to obtain the title compound 
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(0.286 g, yield: 68%). The title compound was recrystailized from diethyl ether/hexane (1 
Melting point: 117-121 °C. 

1 H NMR (CDCI 3 ) 8 1.23 (6H, s), 1.26 (3H, t, J = 7 Hz), 1.49 (6H, S), 2.99 (2H, s), 3.61 (2H, s), 3.94(3H. s), 4.12 (2H, 
q, J = 7 Hz), 6.75(1 H, s). 

5 

EXAMPLE 569 

l^a-BromophenyO-a^.S^-tetrahydro-e-methoxy^^.S.B-tetramethylfurop.a-hlisoquinoline 

10 [1314] Phosphorus oxychloride (3.3 mL, 35 mmol) was added to a suspension of 3-bromo-N-[2-(2,3-dihydro-7-meth- 
oxy-2,2-dimethyl-5-benzofuranyl)-2-methylpropyl]benzamide (1 .28 g, 2.96 mmol) in toluene (25 mL) and the mixture 
was heated under reflux for 3.5 hours. The reaction mixture was poured into ice water, and neutralized with 5 M aqueous 
solution of sodium hydroxide with cooling in ice. The organic layer was separated, and the aqueous layer was extracted 
with toluene. The combined organic layer was washed twice with water, and concentrated under reduced pressure. 

*5 The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 4:1 followed by 2:1 ) and 
recrystailized from hexane to obtain the title compound (741 mg, yield: 60%). 
Melting point: 127-129 °C. 

1 H NMR (CDCI3) 5 1 .26 (6H, s), 1 .35 (6H, s) 2.31 (2H, s), 3.63 (2H, s), 3.95 (3H, s), 6.79 (1 H, s), 7.28 (1 H, t, J = 7.7 
Hz), 7.38 (1H, dt, J = 7.7, 1.6 Hz), 7.55 (1H, dt, J = 7.7, 1.6 Hz), 7.61 (1H, t, H = 1 .6 Hz). 

20 

EXAMPLE 570 

3 , -(3,4,8,9-Tetrahydro-6-methoxy-4,4,8,8-tetramethylfurot2 I 3-h]isoquinolin-1-yl)[1,1 , -biphenyl]-4-amine 

25 [1315] A suspension of ^(S-bromophenylJ-S^.B^-tetrahydro-e-methoxy^^.B.B-tetramethylfurop.S-hlisoquinoline 
(607 mg, 1 .46 mmol), 4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)aniline (353 mg, 1 .61 mmol), sodium carbonate 
(388 mg, 3.66 mmol) and tetrakis(triphenylphosphine)palladium (0) (34 mg, 0.029 mmol) in 1 ,2-dimethoxyethane (4.5 
mL), ethanol (2 mL) and water (1 .5 mL) was stirred at 80 °C for 14 hours under nitrogen atmosphere. The reaction 
mixture was combined with water, and extracted twice with ethyl acetate. The combined organic layer was washed 

30 with water and brine, dried through sodium sulfate-basic silica gel (eluting with ethyl acetate), and concentrated under 
reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 
10:1 followed by 1:1), recrystailized from methanol-diethyl ether to obtain the title compound (400 mg, yield: 64%). 
Melting point: 232-234 °C. 

1 H NMR (CDCI3) 8 1 .29 (6H, s), 1 .30 (6H, s), 2.34 (2H, s), 3.64 (2H, s), 3.73 (2H, br s), 3.96 (3H, s), 6.74 (2H, d, J = 
35 8.4 Hz), 6.81 (1H, s), 7.32 (1H, dt, J = 7.7, 1.5 Hz), 7.37-7.49 (3H, m), 7.56-7.63 (2H, m). 

EXAMPLE 571 

N-[3 , -(3,4,8,9-Tetrahydro-6-methoxy-4,4,8,8-tetramethylfurot2,3-h]isoquinolin-1-yl)[1,1'-biphenyl]-4-yl]acetami^ 

40 

[1316] By the method similar to that in Example 30, 3'-(3,4,8,9-tetrahydro-6-methoxy-4,4,8,8-tetramethylfuro[2,3-h] 
isoquinolin-1-yl)[1,1'-biphenyl]-4-amine was employed to obtain the title compound, yield: 57%. 
Melting point: 223-227 °C (ethyl acetate-di ethyl ether). 

1 H NMR (CDCI3) 8 1 .29 (6H, s), 1 .31 (6H, s), 2.15-2.21 (3H, m), 2.33 (2H, s), 3.65 (2H, s), 3.96 (3H, s), 6.81 (1H, s), 
45 7.26-7.65 (9H, m). 

EXAMPLE 572 

1-(3-Bromophenyl)-3,4,8,9-tetrahydro-4,4,8,8-tetramethyl-6-furo[2,3-h]isoquinolinol 

50 

[1317] 48% Hydrobromic acid (50 mL) was added to 1-(3-Bromophenyl)-3,4,8,9-tetrahydro-6-methoxy-4,4,8,8-te- 
tramethylfuro[2,3-h]isoquinoline (4.73 g, 1 1 .4 mmol) and the mixture was heated under reflux for 22 hours. The reaction 
mixture was cooled with ice, neutralized with cone, aqueous ammonia, and extracted twice with ethyl acetate. The 
combined organic layer was washed twice with water, and concentrated under reduced pressure. The residue was 
55 crystallized from ethyl acetate-di ethyl ether to obtain the title compound (3.96 g, yield: 87%). 
Melting point: 230-235 °C. 

1 H NMR (CDCI3) 8 1 .21 (6H, s), 1.32 (6H, s), 2.29 (2H, s), 3.59 (2H, s), 6.74 (1H. s), 7.27 (1 H* t, J = 7.8 Hz), 7.40 (1H, 
dt, J = 7.8, 1 .6 Hz), 7.55 (1 H, dt, J = 7.8, 1 .6 Hz), 7.60 (1 H, t, J = 1 .6 Hz). 
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EXAMPLE 573 



[^-(a^.S^-Tetrahydro-e-hydroxy^^.S.S-tetramethylfurofa.S-hlisoquinolin-l-yOtl ,1'-biphenyl]-4-yl]carbamic acid 
phenylmethyl ester 

5 

[1318] A suspension of 1-(3-bromophenyl)-3.4,8,94etrahyd^ (2.40 g, 

6.00 mmol), [4-(4,4 l 5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)phenyl]carbamic acid phenylmethyl ester (2.54 g, 7.19 
mmol), sodium carbonate (1 .59 g, 15.0 mmol) and tetrakis(triphenylphosphine)palladium(0) (139 mg, 0.120 mmol) in 
1 .2-dimethoxyethane (20 mL), ethanol (10 mL) and water (10 mL) was stirred at 85 °C for 16 hours under nitrogen 

10 atmosphere. The reaction mixture was combined with ethyl acetate and water, and the organic layer was separated, 
and the aqueous layer was extracted with ethyl acetate. The combined organic layer was washed with brine, dried 
through sodium sulfate-silica gel (eluting with ethyl acetate), and concentrated under reduced pressure. The residue 
was subjected to a column chromatography on a basic silica gel (hexane/ethyl acetate 1 :2 followed by ethyl acetate), 
crystallized from ethyl acetate-chloroform to obtain the title compound (2.63 g, yield: 80%). 

15 Melting point: 1 61 -1 65 °C. 

1H NMR (DMSO-d 6 ) 5 1.15 (6H, s), 1 .19 (6H, s), 2.25 (2H, s), 3.48 (2H, s), 5.17 (2H, s), 6.74 (1 H, s), 7.31-7.75 (13H, 
m), 9.74 (1H,s), 9.91 (1H,s). 

EXAMPLE 574 

20 

[343,4,8, 9-Tetrahydro-4,4,8,8-tetrameto^^ 
4-yl]carbamic acid phenylmethyl ester 

[1319] The title compound was obtained from [^-(S^.S.Q-tetrahydro-e-hydroxy^^.S.B-tetramethylfurop.S-hlisoqui- 
25 nolin-1-yl)[1 ,1'-biphenyl]-4-yl]carbamic acid phenylmethyl ester by the method similar to that in EXAMPLE 95. Yield: 
92%. 

Amorphous. 

1 H NMR (CDCI 3 ) 8 1.28 (6H, s), 1.30 (6H, s), 2.37 (2H, s), 3.70 (2H, s), 5.22 (2H, s), 6.80 (1H, br s), 7.08 (1H, s), 
7.31-7.51 (9H, m), 7.57 (2H, d, J = 8.7 Hz), 7.62-7.68 (2H, m). 

30 

EXAMPLE 575 

[S'-tSAS^-Tetrahydro^AB.S-tetramett^^ acid phenylmethyl 

ester 

35 

[1320] Formic acid (0.30 mL, 8.0 mmol) was added to a solution of [S'-tS^.S.g-tetrahydro^^.B.S-tetramethyl-e-tt^ri- 
f luoromethyl)sulfonyl]oxy]furo[2,3-h]isoquinolin-1 -yl][1 ,1 '-biphenylj^-yljcarbamic acid phenylmethyl ester (2.74 g, 4.04 
mmol), triethylamine (1.7 mL, 12 mmol), palladium acetate (II) (23 mg, 0.10 mmol) and triphenylphosphine (53 mg, 
0.20 mmol) in N,N-dimethylformamide (8 mL) and the mixture was stirred at 70 °C for 4 hours under nitrogen atmos- 
40 phere. The reaction mixture was combined with water and a saturated aqueous solution of sodium hydrogen carbonate, 
and extracted twice with ethyl acetate. The combined organic layer was washed twice with water, and concentrated 
under reduced pressure. The residue was subjected to a column chromatography on a basic silica gel (hexane/ethyl 
acetate 2:1), crystallized from ethyl acetate-diethyl ether to obtain the title compound (1 .72 g, yield: 80%). 
Melting point: 126-129 °C. 

45 1H NMR (CDCI3) 5 1 .27 (6H, s), 1 .28 (6H, s), 2.32 (2H, s), 3.68 (2H, s), 5.22 (2H, s), 6.77 (1 H, br s), 6.83 (1 H, d, J = 
8.4 Hz), 7.19 (1H, d, J = 8.4 Hz), 7.31-7.50 (9H, m), 7.55-7.68 (4H, m). 

EXAMPLE 576 

50 ^-(S^.S.g-Tetrahydro^^.e.B-tetramethylfuro^.S-hJisoquinolin-l-yOtl.l'-biphenyll^-amine dihydrobromide 

[1 321 ] 25% Hydrobromic acid/acetic acid solution (7 mL) was added to a solution of [3 , -(3 I 4,8,9-tetrahydro-4 p 4,8 l 8-te- 
tramethylfurop.S-hjisoquinolin-l-ylHI.I'-biphenyll^-yljcarbamic acid phenylmethyl ester (1.90 g, 3.58 mmol) in chlo- 
roform (20 mL) and the mixture was stirred at room temperature for 3 hours. The reaction mixture was concentrated 
55 under reduced pressure, and the residue was combined with diethyl ether, and the solid was recovered by filtration to 
obtain the title compound (1 .97 g, 99%). 
Melting point: 206-210 °C. 

1 H NMR (DMSO-d 6 ) 5 1.21 (3H, s), 1.25 (3H, s), 1.37 (6H, s), 2.25-2,50 (2H, m), 3.70-3.90 (2H, m), 7.15-7.32 (2H, 
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m), 7.27 (1H, d, J = 8.4 Hz), 7.50 (1H, d, J = 8.4 Hz), 7.62-7.70 (1H, m), 7.72-7.85 (3H, m). 8.05-8.07 (1H, m), 8.08 
(1H, d, J = 7.8 Hz). 

EXAMPLE 577 

5 

N-p'-tSAS.g-Tetrahydro^AS.S-tetramethy^ 

[1322] A solution of sodium carbonate (185 mg, 1.75 mmol) in water (1 mL) was added to a suspension of 
^-(a^.S.Q-tetrahydro^^.S.S-tetramethylfuro^.a-hJisoquinolin-l-yOtl ,1'-biphenyl]-4-amine dihydrobromide (279 mg, 

10 0.500 mmol) in tetrahydrofuran (1 mL). The resultant mixture was cooled with ice, treated dropwise with acetyl chloride 
(46 jiL, 0.65 mmol), and stirred at the same temperature for 1 5 minutes. The reaction mixture was combined with water, 
and extracted twice with chloroform. The combined organic layer was washed with brine, dried over sodium sulfate, 
filtered and concentrated under reduced pressure. The residue was crystallized from ethyl acetate-diethyl ether to 
obtain the title compound (149 mg, 68%). 

15 Melting point: 246-249 °C. 

1 H NMR (CDCI 3 ) 5 1.27 (6H, s), 1 .29 (6H, s), 2.19 (3H, s), 2.32 (2H, s), 3.68 (2H, s), 6.83 (1H, d, J = 8.1 Hz), 7.19 
(1 H, d, J = 8.1 Hz), 7.36-7.43 (2H, m), 7.47 (1 H, t, J = 7.5 Hz), 7.57 (4H, s), 7.61 -7.68 (2H, m). 

EXAMPLE 578 

20 

N-t3 , -(3,4,8,9-Tetrahydro-4,4,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1,1'-biphenyl]-4-yl]propan 

[1323] The title compound was obtained from propionyl chloride by the method similar to that in EXAMPLE 577. 
Yield: 56%. Melting point: 215-218 °C (ethyl acetate-diethyl ether). 
25 1H NMR (CDCI3) 6 1 .23-1 .31 (3H, m), 1 .27 (6H, s), 1 .29 (6H, s), 2.32 (2H, s), 2.41 (2H, q, J = 7.5 Hz), 3.68 (2H, s), 
6.83 (1H, d, J = 8.1 Hz), 7.19 (1 H, d, J = 8.1 Hz), 7.20-7.27 (1H, m), 7.37-7.42 (1H, m), 7.47 (1H, t, J = 7.5 Hz), 7.59 
(4H, s), 7.62-7.68 (2H, m). 

EXAMPLE 579 

30 

N-[3'-(3,4,8,9-Tetrahydro-4,4,8 I 8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1,1 , -biphenyl]-4-yl]formam 

[1324] Formic acid (0.5 mL) was treated dropwise with acetic anhydride (0.14 mL, 1 .5 mmol) with cooling in ice, and 
stirred at the same temperature for 1 .5 hours. The resultant solution was added dropwise to a solution of 3'-(3,4,8,9-tet- 

35 rahydro-4,4,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1,r-biphenyl]-4-amine dihydrobromide (279 mg, 0.500 mmol) 
and sodium formate (75 mg, 1.1 mmol) in formic acid (0.5 mL), and the mixture was stirred at room temperature for 
1 .5 hours. The reaction mixture was added dropwise to a suspension of sodium hydrogen carbonate (3.1 g, 37 mmol) 
in water-ethyl acetate, and the organic layer was separated, and the aqueous layer was extracted with ethyl acetate. 
The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced 

40 pressure. The residue was crystallized from ethyl acetate- hexane to obtain the title compound (147 mg, yield: 69%). 
Melting point: 197-199 °C. 

1 H NMR (CDCI3) 5 1 .27 (6H, s), 1 .29 (6H, s), 2.32 (2H, s), 3.69 (2H, s), 6.84 (1 H, d, J = 8.4 Hz), 7.13 (1 H, d, J = 8.7 
Hz), 7.20 (1 H, d, J = 8.4 Hz), 7.38-7.69 (8H, m), 8.38 (0.55H, d, J = 1 .8 Hz), 8.73 (0.45H, d, J = 11 .1 Hz). 

45 EXAMPLE 580 

3X6-Hydroxy-4,4,8,8-tetramethyl-3,4,8,9-tetrahydro^ acid ethyl 

ester 

so [1325] The title compound was obtained from 1-(3-bromophenyl)-3,4,8,9-tetrahydro-4 l 4,8,8-tetramethyl-6-furo 
[2,3-h]isoquinolinol and 4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)benzoic acid ethyl ester by the method similar 
to that in EXAMPLE 461 . Yield: 52%. 
Melting point: 214-217 °C (ethyl acetate-diethyl ether). 

1 H NMR (CDCI3) 5 1 .21 (6H, s), 1 .28 (6H, s), 1 .41 (3H, t, J = 7.2 Hz), 2.32 (2H, s), 3.60 (2H, s), 4.40 (2H, q, J = 7.2 
55 Hz), 6.73 (1H, s), 7.38-7.54 (2H, m), 7.63-7.77 (2H, m), 7.68 (2H, d, J = 8.4 Hz), 8.09 (2H, d, J = 8.4 Hz). 
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EXAMPLE 581 

[343,4,8, 9-tetrahydro-4,4,8,8-tetramethyl-6-^^ 
4-carboxylic acid ethyl ester 

[1326] The title compound was obtained from a'-fe-hydroxy^.A.S.S-tetramethyl-S^.S^-tetrahydrofurop.S-hlisoqui- 
nolin-1-yl)[1,1'-biphenyl]-4-carboxylic acid ethyl ester by the method similar to that in EXAMPLE 95. Yield: 97%. 
Melting point: 147-149 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) 8 1 .29 (6H, s), 1 .31 (6H, s), 1 .42 (3H, t, J = 7.2 Hz), 2.38 (2H, s), 3.72 (2H, br s), 4.41 (2H, q, J = 7.2 
Hz), 7.10 (1H, s), 7.42-7.48 (1H, m), 7.50-7.57 (1H, m), 7.67-7.76 (4H, m), 8.12 (2H, d, J = 8.1 Hz). 

EXAMPLE 582 

^-(S^.S.g-Tetrahydro^^.S.S-tetramethylfurop.S-hlisoquinolin-l -yl)[1 ,1'-biphenyl]-4-carboxylic acid ethyl ester 

[1 327] The title compound was obtained from [3'-[3 1 4,8,9-tetrahydro-4,4 l 8,8-tetramethyl-6-[[(trifluoromethyl)sulfonyl] 
oxy]furo[2,3-h]isoquinoiin-1-yl][1,1'-biphenyl]-4-carboxylic acid ethyl ester by the method similar to that in EXAMPLE 
575. Yield: 75%. 

Melting point: 144-149 °C (hexane). 

1 H NMR (CDCI3) 5 1 .28 (6H, s), 1 .29 (6H, s), 1 .42 (3H, t, J = 7.1 Hz), 2.32 (2H, s), 3.69 (2H, s), 4.40 (2H, q, J = 7.1 
Hz), 6.84 (1H, d, J = 8.4 Hz), 7.20 (1H, d, J = 8.4 Hz), 7.47 (1H, dt, J = 7.6, 1.7 Hz), 7.52 (1H, td, J = 7.6, 0.6 Hz), 
7.67-7.76 (4H, m), 8.08-8.13 (2H, m). 

EXAMPLE 583 

3 , -(3,4,8,9-Tetrahydro-4 > 4,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)[1,1 , -biphenyl]-4-carboxylic acid 

[1328] 1 M aqueous solution of sodium hydroxide (10 mL) was added to a suspension of 3'-(3,4,8,9-tetrahydro- 
4,4,8,8-tetramethylfuro[2,3-h]isoquinolin-1 -yl)[1 ,1 , -biphenyl]-4-carboxylic acid ethyl ester (1 .30 g, 2.87 mmol) in ethanol 
(1 5 mL) and the mixture was stirred at 70 °C for 45 minutes, the reaction mixture was cooled with ice, treated dropwise 
with 1 M hydrochloric acid (10 mL), and extracted twice with chloroform. The combined organic layer was washed with 
brine, combined with a small amount of methanol, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure. The residue was crystallized from chloroform-ethyl acetate to obtain the title compound (1 .1 9 g, yield: 97%). 
Melting point: 286-291 °C. 

1 H NMR (DMSO-d 6 ) 8 1.19 (6H, s), 1.21 (6H, s), 2.28 (2H, s), 3.58 (2H, s), 6.86 (1H, d, J = 8.3 Hz), 7.24 (1H, d, J = 
8.3 Hz), 7.44 (1 H, dt, J = 7.6, 1 .4 Hz), 7.58 (1 H, t, J = 7.6 Hz), 7.74 (1 H, t, J = 1 .4 Hz), 7.87-7.88 (3H, m), 8.03 (2H, d, 
J = 8.4 Hz), 12.80-13.05 (1H, br). 

EXAMPLE 584 

343,4,8,9-Tetrahydro-4,4,8,8-tetrame^ 

[1329] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (125 mg, 0.652 mmol) was added to a suspen- 
sion of S'-tSAS.g-tetrahydro^AS.S-tetrame^ acid (213 mg, 
0.501 mmol) and 1-hydroxy-1H-benzotriazole ammonium salt (92 mg, 0.60 mmol) in N,N-dimethylformamide (1 mL) 
and the mixture was stirred at room temperature for 15 hours. Triethylamine (0.16 mL, 1 .1 mmol) was added to the 
resultant mixture and the mixture was stirred at room temperature for 2 hours. The reaction mixture was combined 
with water and extracted twice with ethyl acetate-tetrahydrofuran mixture. The combined organic layer was washed 
with brine, dried through sodium sulfate-basic silica gel (eluting with ethyl acetate), and concentrated under reduced 
pressure. The resultant solid was washed with ethyl acetate-hexane to obtain the title compound (89.5 mg, yield: 42%). 
Melting point: 284-296 °C. 

1 H NMR (DMSO-d 6 ) 8 1.19 (6H, s), 1.21 (6H, s), 2.29 (2H, s), 3.58 (2H, s), 6.86 (1H, d, J = 8.1 Hz), 7.24 (1H, d, J = 
8.1 Hz), 7.36-7.45 (2H, m), 7.57 (1H, t, J = 7.7 Hz), 7.73 (1H, t, J = 1.5 Hz), 7.79 (2H, d, J = 8.6 Hz), 7.81-7.87 (1H, 
m), 7.97 (2H, d, J = 8.6 Hz), 8.04 (1 H, br s). 
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EXAMPLE 585 

N-Methyl-3'-(3,4,8,9-tetrahydro-4,4,8,8-tetram 

5 [1330] The title compound was obtained from S'^S^^.Q-tetrahydro-A^.S.S-tetramethylfurop.S-hlisoquinolin-l-yl) 
[1 ( 1'-biphenyl]-4-carboxylic acid by the method similar to that in EXAMPLE 459. Yield: 70%. 
Melting point: 242-244 °C (ethyl acetate-hexane). 

1 H NMR (CDCI 3 ) 5 1.27 (6H, s), 1.29 (6H, s), 2.32 (2H, s), 3.05 (3H. d, J = 4.8 Hz), 3.69 (2H, s), 6.15-6.25 (1H, m), 
6.84 (1 H, d, J = 8.4 Hz), 7.20 (1 H, d, J = 8.4 Hz), 7.46 (1 H, dt, J = 7.7, 1 .5 Hz), 7.47-7.54 (1 H, m), 7.66-7.74 (4H, m), 
10 7.83 (2H, d, J = 8.4 Hz). 

EXAMPLE 586 

3-(3,4,8,9-Tetrahydro-3,3,8,8-tetramethyl-6-(propylthio)furo[2,3-h]isoquinolin-1-yl)benzoic acid 

15 

[1331] A solution of an about 15:2 mixture of 2,3-dihydro-2,2-dimethyl-5-(2-methyl-1-propenyl)-7-(propylthio)benzo- 
furan and 2,3-dihydro-2,2-dimethyl-5-(2-methyl-1-propenyl)benzofuran obtained in EXAMPLE 549 (3.10 g) and iso- 
propyl 3-cyanobenzoate (1 .83 g, 9.65 mmol) in acetic acid (6 mL)-toluene (13 mL) was treated dropwise with cone, 
sulfuric acid (1 .80 mL, 33.7 mmol) with cooling in ice, and stirred at 60 °C for 1 .5 hours. Isopropyl alcohol (11 .7 mL) 

20 was added dropwise to the mixture, and the mixture was heated under reflux for 5 hours. Ice water was poured into 
the reaction mixture, which was neutralized with sodium hydrogen carbonate, and extracted twice with ethyl acetate. 
The combined organic layer was washed with brine, dried over sodium sulfate, filtered and concentrated under reduced 
pressure. The residue was dissolved in N,N-dimethylformamide (20 mL), potassium carbonate (668 mg, 4.83 mmol) 
and 2-iodopropane (0.48 mL, 4.83 mmol) were added thereto, and the mixture was stirred at room temperature for 15 

25 hours. Water was poured into the reaction mixture, which was extracted twice with ethyl acetate. The combined organic 
layer was washed with water and brine, dried over sodium sulfate, filtered and concentrated under reduced pressure. 
The residue was subjected to a column chromatography on a silica gel (hexane/ethyl acetate 10:1 followed by 5:1) to 
obtain S-fS^^^-tetrahydro-S^^^-tetramethyl-e-propylthiofuro^.S-hlisoquinolin-l -yl)benzoic acid 1-methylethyl es- 
ter (1 .00 g, yield: 22%) as an oil. 

30 [1332] The resultant ester derivative (1 .00 g, 2.15 mmol) was dissolved in methanol (4 mL), 5 M aqueous solution 
of sodium hydroxide (2 mL) was added thereto, and the mixture was stirred at room temperature for 15 hours. The 
reaction mixture was adjusted at pH 4.5 with 5 M hydrochloric acid, combined with sodium chloride, and extracted 
twice with ethyl acetate. The combined organic layer was washed with brine, dried over magnesium sulfate, filtered 
and concentrated under reduced pressure. The residue was crystallized from ethyl acetate-diisopropyl ether to obtain 

35 the title compound (153 mg, yield: 17%). 
Melting point: 206-208 °C. 

1 H NMR (CDCI 3 )5 1.11 (3H, t, J = 7.5 Hz), 1.25 (6H, s), 1.51 (3H, s), 1 .74-1 .86 (2H, m), 1.91 (3H, s), 2.05-2.17 (2H, 
m), 2.83-3.04 (1 H, m), 3.04 (2H, t, J = 7.2 Hz), 3.30-3.50 (1 H, m), 6.97 (1 H, s), 7.60-7.72 (2H, m), 8.00 (1 H, d, J = 7.5 
Hz), 8.12 (1H,d, J = 7.8 Hz). 

40 

EXAMPLE 587 

N-(2-Amino-1,1-dimethyl-2-oxoethyl)^ 
1-yl)benzamide 

45 

[1333] 1-Hydroxy-1H-benzotriazole monohydrate (280 mg, 1.83 mmol), triethylamine (0.58 mL, 4.15 mmol) and 

1- ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (414 mg, 2.16 mmol) were added to a solution of 
3-(3,4,8,9-tetrahydro-3,3,8,8-tetramethyl-6-propylthiofuro[2,3-h]isoquinolin-1-yl)benzoica mg, 1.66 mmol) and 

2- amino-2-methylpropanamide hydrochloride (254 mg, 1.83 mmol) in N,N-dimethylformamide (4 mL) and the mixture 
so was stirred at room temperature for 4 hours. Water was poured into the reaction mixture, which was extracted twice 

with ethyl acetate. The combined organic layer was washed with water and brine, dried over sodium sulfate, filtered 
and concentrated under reduced pressure. The residue was subjected to a column chromatography on a basic silica 
gel (hexane/ethyl acetate 1 :2 followed by ethyl acetate), and the resultant crystals were washed with diisopropyl ether 
to obtain the title compound (478 mg, yield: 57%). 
55 Melting point: 195-197 °C. 

1 H NMR (CDCi 3 ) 8 1.05 (3H, t, J = 7.2 Hz), 1.25 (6H, s), 1.30 (6H, s), 1.62-1.78 (2H, m), 1.71 (6H, s), 2.17 (2H, s), 
2.68 (2H, s), 2.95 (2H, t, J = 7.3 Hz), 5.49 (1H, br s), 6.43 (1H, br s), 6.92 (1H, s), 6.96 (1H, s), 7.43-7.52 (2H, m), 
7.85-7.89 (2H, m). 
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EXAMPLE 588 

aAB^-Tetrahydro-S.e-dimethoxy-S,^ hydrochloride 

5 [1334] A solution of 2 > 3-djhydro-6,7-dimethoxy-2 J 2-dimethyl-5-(2-methyl-1-propenyl)ben2ofuran (220 mg, 0.839 
mmol) and benzonitrile (0.086 mL, 0.839 mmol) in acetic acid (0.4 ml_)-toluene (1 mL) was treated dropwise with cone, 
sulfuric acid (0.11 mL, 2.10 mmol) with cooling in ice, and stirred at 80 °C for 40 minutes. Ice water was poured into 
the reaction mixture, which was washed with diisopropyl ether. The aqueous layer was neutralized with cone, aqueous 
ammonia, and extracted with ethyl acetate. The combined organic layer was washed twice with brine, dried over sodium 

10 sulfate, filtered and concentrated under reduced pressure. The residue was subjected to a column chromatography 
on a basic silica gel (hexane/ethyl acetate 10:1 followed by 5:1) to obtain a free base of the title compound. 
1 H NMR (CDCI 3 ) 6 1 .25 (6H, s), 1 .29 (6H, s), 2.13 (2H, s), 2.69 (2H, s), 3.83 (3H, s), 3.99 (3H, s), 7.38 (5H, s). 
[1 335] This was dissolved in ethyl acetate, 4 M hydrogen chloride/ethyl acetate solution was added thereto, and the 
mixture was concentrated under reduced pressure crystallized from ethyl acetate-diisopropyl ether to obtain the title 

*5 compound (6 mg, yield: 2%). 
Melting point: 155-157 °C. 

[1336] The compounds produced in EXAMPELS described above are indicated in Tables 1 to 22 shown below. 
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Formulation Example 1 
[1337] 

45 



(1) Compound of Example 1 


10.0 mg 


(2) Lactose 


60.0 mg 


(3) Corn starch 


35.0 mg 


(4) Gelatin 


3.0 mg 


(5) Magnesium stearate 


2.0 mg 



[1 338] A mixture of 1 0.0 mg of the compound obtained in Example 1 , 60.0 mg of lactose and 35.0 mg of a corn starch 
was granulated using 0.03 ml of 1 0% aqueous solution of gelatin (3.0 mg as gelatin) through a 1 mm mesh sieve, dried 
55 at 40°C and then sieved again. The resultant granule was combined with 2.0 mg of magnesium stearate and then 
compressed. The resultant core was coated with a sugar coating comprising sucrose, titanium dioxide, talc and gum 
arabic in an aqueous suspension. The resultant coated tablet was imparted with a gloss with a beeswax to obtain a 
coated tablet. 
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Formulation Example 2 
[1339] 



(1) Compound of Example 1 


10.0 mg 


(2) Lactose 


70.0 mg 


(3) Corn starch 


50.0 mg 


(4) Soluble starch 


7.0 mg 


(5) Magnesium stearate 


3.0 mg 



[1340] 10.0 mg of the compound obtained in Example 1 and 3.0 mg of magnesium stearate were granulated using 
0.07 mL of an aqueous solution of a soluble starch (7.0 mg as soluble starch), dried, and then combined with 70.0 mg 
of lactose and 50.0 mg of a corn starch. The mixture was compressed into a tablet. 

Formulation Example 3 

[1341] 



(1) Compound of Example 11 


5.0 mg 


(2) Sodium chloride 


20.0 mg 


(3) Distilled water 


to2ml_ 



[1342] 5.0 mg of the compound obtained in Example 11 and 20.0 mg of sodium chloride were dissolved in distilled 
water and water was then added to make the entire volume 2.0 mL. The solution was filtered, and filled aseptically in 
a 2 mL ampoule. The ampoule was sterilized, sealed, whereby obtaining an injection solution. 

Formulation Example 4 

[1343] In a fluidized bed granulating drier (FD-5S, KK POWREX Corporation), 1500 g of the compound obtained in 
Example 1, 2025 g of lactose and 556.5 g of com starch were mixed homogeneously, and then an aqueous solution 
in which 126 g of hydroxypropyl cellulose was dissolved was sprayed in the drier to effect a granulation, after which 
the mixture was dried in the fluidized bed granulating drier. The resultant granule was ground using a power mill and 
sieved through a 1 .5 mm punching screen to obtain a sized granule. 3927 g of this sized granule was combined with 
21 0 g of sodium croscarmellose and 63 g of magnesium stearate, and mixed in a tumbler mixer to obtain a granule to 
be compacted into tablets. This granule was compacted into 300 mg tablets using a 6.5 mm frame in a tablet compacting 
machine. The resultant plain tablet was coated with a solution containing hydroxypropylmethyl cellulose 2910 (TC-5) 
and macrogol 6000 dissolved therein and titanium oxide and iron(lll) oxide dispersed therein to obtain about 13500 
film-coated tablets each containing 100 mg whose composition is shown below. 



Tablet formulation: 


Composition 


Content ( mg) 


(1) Compound of Example 1 


100.0 


(2) Lactose 


135.0 


(3) Com starch 


37.1 


(4) Sodium croscarmellose 


15.0 


(5) Hydroxypropyl cellulose 


8.4 


(6) Magnesium stearate 


4.5 


Total (plain tablet) 


300.0 


Film-coated tablet composition: 


(1) Plain tablet 


300.0 


(Film component) 




(2) Hydroxypropylmethyl cellulose 2910 


7.485 


(3) Macrogol 6000 


1.5 
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(continued) 



Tablet formulation: 


Composition 


Content ( mg) 


(Film component) 




(4) Titanium oxide 


1.0 


(5) iron(lll) oxide 


0.015 


Total 


310.0 



Formulation Example 5 

[1344] According to the method described in Formulation Example 4, about 13500 film-coated tablets having the 
formulation shown below each containing 25 mg of the compound obtained in Example 1 were obtained. 



Tablet formulation: 


Composition 


Content ( mg) 


(1) Compound of Example 1 


25.0 


(2) Lactose 


210.0 


(3) Corn starch 


37.1 


(4) Sodium croscarmellose 


15.0 


(5) Hydroxypropyl cellulose 


8.4 


(6) Magnesium stearate 


4.5 


Total (plain tablet) 


300.0 ! 


Film-coated formulation: 


(1) Plain tablet 


300.0 


(Film components) 




(2) Hydroxypropyl cellulose 2910 


7.485 


(3) Macrogol 6000 


1.5 


(4) Titanium oxide 


1.0 


(5) iron(lll) oxide 


0.015 


Total 


310.0 



Formulation Example 6 

[1345] According to the method described in Formulation Example 4, about 13500 film-coated tablets having the 
formulation shown below each containing 5 mg of the compound obtained in Example 1 were obtained. 



Tablet formulation: 


Composition 


Content ( mg) 


(1) Compound of Example 1 


5.0 


(2) Lactose 


230.0 


(3) Corn starch 


37.1 


(4) Sodium croscarmellose 


15.0 


(5) Hydroxypropyl cellulose 


8.4 


(6) Magnesium stearate 


4.5 


Total (plain tablet) 


300.0 


Film-coated formulation: 


(1) Plain tablet 


300.0 


(Film components) 
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(continued) 



Tablet formulation: 


Composition 


Content ( mg) 


Film-coated formulation: 


(2) Hydroxypropyl cellulose 2910 


7.485 


(3) Macrogol 6000 


1.5 


(4) Titanium oxide 


1.0 


(5) iron(lll) oxide 


0.015 


Total 


310.0 



Formulation Example 7 

15 

[1346] According to the method described in Formulation Example 4, about 13500 film-coated tablets having the 
formulation shown below each containing 1 mg of the compound obtained in Example 1 were obtained. 



Tablet formulation: 


Composition 


Content ( mg) 


(1) Compound of Example 1 


1.0 


(2) Lactose 


234.0 


(3) Corn starch 


37.1 


(4) Sodium croscarmellose 


15.0 


(5) Hydroxypropyl cellulose 


8.4 


(6) Magnesium stearate 


4.5 


Total (plain tablet) 


300.0 


Film-coated formulation: 


(1) Plain tablet 


300.0 


(Film components) 




(2) Hydroxypropyl cellulose 2910 


7.485 


(3) Macrogol 6000 


1.5 


(4) Titanium oxide 


1.0 


(5) iron(lll) oxide 


0.015 


Total 


310.0 



40 

Formulation Example 8 



[1347] 



White vaseline 


40 g 


Cetanol 


10g 


Bleached beeswax 


5g 


Sorbitan sesquioleate 


5g 


LauroMOCROGOLD 


0.5 g 


Methyl p-hydroxybenzoate 


0.1 g 


Propyl p-hydroxybenzoate 


0.1 g 


Purified water 


Appropriate 



55 [1348] A topical wettable ointment having the composition shown above (100 g) was heated preliminarily at 70°C, 
and the solution was combined with a solution which was obtained by dissolving 1 g of the compound obtained in 
Example 1 in 20 mL of methanol with heating. At the same temperature, the mixture was stirred with heating for 10 
minutes to remove residual methanol, and then cooled to room temperature to obtain a wettable ointment. 
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Experiment Example 1 Assay of phosphodiesterase IV-inhibiting effect 
(1) Human brain-derived phosphodiesterase 4D3-encoding gene cloning 

5 [1349] From a human brain cDNA library, a gene encoding phosphodiesterase 4D3 was cloned. Using 1 ng of brain 
QUICK-Clone™ cDNA (Clontech) as a template, each 20 pmol of a primer set: 5'-CCACGATAGCTGCTCAAACAA- 
GAG-3' (SEQ. ID. No.1) and 5'-ATAGAAACCCCAAGTCCAATAAAC-3' (SEQ. ID. No.2) which was prepared referring 
to the phosphodiesterase 4D3 gene base sequence reported by Nemoz et al (FEBS Letters 384, 97-102, 1996) was 
added to effect a PCR by a MiniCycler™ (MJ RESEARCH) using TaKaRa EX Taq (TAKARA) (reaction condition: 30 

io cycles of 0.5 minutes at 94°C, 0.5 minutes at 55°C and 4 minutes at 72°C). The resultant PCR product was subjected 
to an agarose gel electrophoresis and an about 2.4 kb DNA fragment was recovered. This fragment was made blunt 
using a Pfu DNA polymerase (STRATAGENE) and then a phosphodiesterase 4D3 gene was cloned using Zero Blunt 
PCR Cloning Kit (Invitrogen). 

*5 (2) Construction of E.coli expression vector 

[1350] The plasmid obtained in Section (1) described above was digested with a restriction enzyme EcoRI (Takara) 
and subjected to an agarose gel electrophoresis to recover an about 2.4 kb DNA fragment. This DNA fragment was 
digested with a restriction enzyme EcoRI (Takara) and ligated with a pGEX4T-3 (Pharmacia) which had been treated 
20 with BAP (Takara). The resultant cDNA fragment had the base sequence represented by Sequence ID No.3, and the 
amino acid sequence represented by Sequence ID No.4 was found to be encoded by the 74th to the 2092nd bases of 
this base sequence. This cDNA fragment was transformed into an E.coli BL21 (FUNAKOSHI) using a ligation solution, 
whereby obtaining an Escherichia coli BL21/pPDE4D3 capable of expressing the phosphodiesterase 4D3 gene. 

25 (3) Expression of recombinant human brain-derived phosphodiesterase 4D3 in Escherichia coli and purification thereof 

[1351] Using the Escherichia coli BL21/pPDE4D3 obtained in Section (2) described above, a recombinant human 
brain-derived phosphodiesterase 4D3 was obtained. The expression and purification of E. coli were in accordance with 
the protocol attached to GST Gene Fusion System (Pharmacia). As a result, 34 mg of an about 76 kDa recombinant 
30 human brain-derived phosphodiesterase 4D3 was obtained as a target substance from 1 L of the E.coli culture medium. 

(4) Assay of phosphodiesterase IV-inhibiting effect 

[1352] To a 96-well plate (OPTI plate, Packard), 10 jxl of a buffer solution [0.5 M Tris-HCI (pH7.5), 83 mM MgCI 2 , 
35 17mM EGTA], 10 uJ of the recombinant human brain-derived phosphodiesterase 4D3 (0.0034 mg/ ml_) obtained in 
Section (1) described above, 65 jil of Ultrapure water, 5 uJ of an inhibitor sample and 10 uJ of pHjcAMP were added 
and reacted for 30 minutes at 30°C. After completing the reaction, 50 uJ of SPA beads solution [18 mg/ mL Yttrium 
silicate beads, 18mM ZnS0 4 ] was added, allowed to stand at room temperature for about 20 minutes, and the radio- 
activity was counted using a scintillation counter (Topcount, Packard). The radioactivity observed in the presence of 
40 the recombinant human brain-derived phosphodiesterase 4D3 was 28245 cpm, which was in contrast with the control 
radioactivity (1020 cpm). This reaction underwent the inhibition of the phosphodiesterase activity in the presence of a 
phosphodiesterase IV inhibitor rolipram (BIOMOL Research Laboratories, Inc), and rolipram inhibited this enzymatic 
reaction by 50% at about 1 00 nM. This assay system was employed to determine the recombinant human brain-derived 
phosphodiesterase-inhibiting effect (IC 50 ) of each inventive compound. The results are shown in Table 23. 

45 



[Table 23] 



Example No. 


PDE IV-inhibiting effect 
(IC 50 , nM) 


39 


19.4 


45 


9.36 


149 


40.1 


157 


82.0 


179 


124 


180 


123 
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[Table 23] (continued) 



Example No. 


PDE IV-inhibiting effect 
(ICso, nM) 


263 


13.7 



Example 2 Inhibiting effect on antigen-induced bronchoconstriction in guinea pigs 

(1) Preparation of rabbit anti-ovalbumin (OA) serum 

[1 353] A white rabbit (body weight: about 3 kg; New Zealand white: KITAYAMA LABES) was immunized by an intra- 
muscular administration of 1 .0 mL of an emulsion of 0.5 mL of a 10% OA (Grade III, Sigma) solution and 0.5 mL of 
Freund Complete Adjuvant (WAKO PURE CHEM ICAL INDUSTRIES, LTD.). This procedure was conducted once every 
week repetitively 4 times in total. One week after the final immunization, the whole blood was sampled. The blood 
sample was allowed to stand at room temperature for 1 hour or longer, and then in a refrigeration room for a day. On 
the following day, the serum fraction was isolated and centrifuged (3000 rpm, 1 0 min.), and the supernatant was stored 
as an antiserum at -20°C. 

(2) Antigen-induced bronchoconstriction 

[1354] The bronchoconstriction was measured by a modified Konzett-Rossler method. Each male Hartley guinea 
pig weighing 400 to 500 g (NIPPON SLC, Shizuoka) was anesthetized with ether, treated intravenously with 1.0 mL 
of a 8- to 16-fold diluted anti-OA serum, and subjected to an experiment after 16 to 24 hours. Under an anesthesia 
with urethane (1.2 g/kg ip) (Aldrich), a tracheal cannula was inserted, and gallamine triethiodide (1 mg/kg, iv) (Sigma) 
was administered to arrest the spontaneous respiration. The animal was ventilated artificially using an artificial respi- 
rator (Harvard model 683) at 70 respirations/minutes, with each ventilation volume of 2 to 3 mL and initial load of 10 
cmH 2 0, and the intratracheal pressure was measured at the side arm of the tracheal cannula using a differential 
pressure type transducer. Mepyramine maleate (1 .0 mg/kg) (Sigma) and propranolol (1 .0 mg/kg) (Sigma) were admin- 
istered intravenously 2 minutes after the administration of gallamine triethiodide, and after further 2 minutes the OA 
antigen (1 .0 mg/kg) was administered intravenously to induce the bronchoconstriction. 

[1355] A compound of Example was dissolved in 25% dimethylacetamide, 25% polyethylene glycol 400 and 50% 
physiological saline, and administered intravenously 5 minutes before the antigen challenge at a dose of 1 mg/kg. 
Percent inhibition was calculated based on the comparison with a control group (intravenous administration of a mixture 
of 25% dimethylacetamide, 25% polyethylene glycol 400 and 50% physiological saline). The % inhibition by each 
inventive compound is shown in Table 24. 



[Table 24] 



45 



Example No. 


% inhibition in bronchoconstriction 


39 


45 


45 


44 


149 


5B 


157 


57 


179 


46 


180 


57 


263 


59 



50 

INDUSTRIAL APPLICABILITY 



[1356] A furoisoquinoline derivative of the invention has an excellent phosphodiesterase (PDE) IV-inhibiting effect, 
and is useful as a prophylactic or therapeutic agent against an inflammation-induced disease, such as bronchial asthma, 
55 chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease and diabetes, etc. 
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SEQUENCE LISTING 
<H0> Takeda Chemical Industries, Ltd. 

5 

<120> Furoisoquinoline Derivatives, Their Production aud Use 
<130> 270IWO0P 
10 <150> JP2000-087121 

<151> 2000-03-23 
<160> 4 

15 

<2l0> 1 
<211> 24 
20 <212> DNA 

<213> Artificial Sequence 
<400> 1 

25 

ccacgatagc tgctcaaaca agag 24 
<2I0> 2 
» <211> 24 

<2t2> DNA 

<213> Artificial Sequence 

35 

<400> 2 

atagaaaccc caagtccaat aaac 24 
40 <210> 3 

<2tl> 2435 
<212> DNA 

45 

<213> Human 
<222> (74)... (2092) 
so <400> 3 

gaattcatct gtaaaaatca ctacatgtaa cgtaggagac aagaaaaata ttaatgacag 60 
aagatctgcg aacatgatgc acgtgaataa ttttcccttt agaaggcatt cctggatatg 120 
ttttgatgtg gacaatggca catctgcggg acggagtccc ttggatccca tgaccagccc 180 
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aggatccggg ctaattctcc aagcaaattt 
gtatcgatcc gacagcgatt atgacctctc 
tgccagtgat atacacggag atgacttgat 
tctgcgaact gtacgaaaca actttgctgc 
caaaagatca cccatgtgca accaaccatc 
ctaccagaaa ctggccagcg agaccctgga 
gaccctacag accaggcact ccgtcagtga 
taatcgggag ctcacccatc tctctgaaat. 
tatatcaaac acattcttag ataagcaaca 
ggaaaaggag aaaaagaaaa gaccaatgtc 
cagctctagt ctgactaatt caagtatccc 
tgtccttgcc aaggaactag aagatgtgaa 
agagttgtct ggtaaccggc ccttgactgt 
tttattaaaa.acatttaaaa ttccagtaga 
agaccattac catgctgatg tggcctatca 
gtctactcat gtgctattat ctacacctgc 
tcttgcagca atttttgcca gtgcaataca 
atttctgatc aatacaaact ctgaacttgc 
gaaccatcat ttggctgtgg gctttaaatt 
gaatttgacc aaaaaacaaa gacaatcttt 
aacagatatg tcaaaacaca tgaatctact 
gaaagtgaca agctctggag ttcttcttct 
tcagaatatg gtgcactgtg cagatctgag 
ccagtggacg gaccggataa tggaggagtt 
tggcatggag ataagcccca tgtgtgacaa 
gggcttcata gactatattg ttcatcccct 
tgacgcccag gatattttgg acactttgga 
ccctcagagc ccctctcctg cacctgatga 
gaaaltccag tttgaactaa ctttagagga 



tgtccacagt caacgacggg agtccttcct 240 
tccaaagtct atgtcccgga actcctccat 300 
tgtgactcca Utgctcagg tcttggccag 360 
attaactaat ttgcaagatc gagcacctag 420 
catcaacaaa gccaccataa cagaggaggc 480 
ggagctggac tggtgtctgg accagctaga 540 
gatggcctcc aacaagttta aaaggatgct 600 
gagtcggtct ggaaatcaag tgtcagagtt 660 
tgaagtggaa attccttctc caactcagaa 720 
tcagatcagt ggagtcaaga aattgatgca 780 
aaggtttgga gttaaaactg aacaagaaga 840 
caaatggggt cttcatgttt tcagaatagc 900 
tatcatgcac accatttttc aggaacggga 960 
tactttaatt acatatctta tgactctcga 1020 
caacaatatc catgctgcag atgttgtcca 1080 
tttggaggct gtgtttacag atttggagat 1140 
tgatgtagat catcctggtg tgtccaatca 1200 
cttgatgtac aatgattcct cagtcttaga 1260 
gcttcaggaa gaaaactgtg acattttcca 1320 
aaggaaaatg gtcattgaca tcgtacttgc 1380 
ggctgatttg aagactatgg ttgaaactaa 1440 
tgataattat tccgatagga ttcaggttct 1500 
caacccaaca aagcctctcc agctgtaccg 1560 
cttccgccaa ggagaccgag agagggaacg 1620 
gcacaatgct tccgtggaaa aatcacaggt 1680 
ctgggagaca tgggcagacc tcgtccaccc 1740 
ggacaatcgt gaatggtacc agagcacaat 1800 
cccagaggag ggccggcagg gtcaaactga 1860 
agatggtgag tcagacacgg aaaaggacag 1920 
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tggcagtcaa gt'ggaagaag acactagctg cagtgactcc aagactcttt gtactcaaga 1980 
ctcagagtct actgaaattc cccttgatga acaggttgaa gaggaggcag taggggaaga 2040 
agaggaaagc cagcctgaag cctgtgtcat agatgatcgt tctcctgaca cgtaacagtg 2100 
caaaaacttt catgcctttt ttttttttaa gtagaaaaat tgtttccaaa gtgcatgtca 2160 
catgccacaa ccacggtcac acctcactgt catctgccag gacgtttgtt gaacaaaact 2220 
gaccttgact actcagtcca gcgctcagga atatcgtaac cagttttttc acctccatgt 2280 
tcatccgagc aaggtggaca tcttcacgaa cagcgttttt aacaagattt cagcttggta 2340 
gagctgacaa agcagataaa atctactcca aattattttc aagagagtgt gactcatcag 2400 
gcagcccaaa agtttattgg acttggggtt tctat 2435 
<210> 4 
<211> 673 
<212> PRT 
<213> Human . 
<400> 4 

Met Met His Val Asn Asn Phe Pro Phe Arg Arg His Ser Trp He Cys 
1 5 10 15 

Phe Asp Val Asp Asn Gly Thr Ser Ala Gly Arg Ser Pro Leu Asp Pro 

20 25 30 

Met Thr Ser Pro Gly Ser Gly Leu He Leu Gin Ala Asn Phe Val His 

35 40 45 

Ser Gin Arg Arg Glu Ser Phe Leu Tyr Arg Ser Asp Ser Asp Tyr Asp 

• 50 55 60 

Leu Ser Pro Lys Ser Met Ser Arg Asn Ser Ser He Ala Ser Asp He 
65 70 75 80 

His Gly Asp Asp Leu He Val Thr Pro Phe Ala Gin Val Leu Ala Ser 

85 90 95 

Leu Arg Thr Val Arg Asn Asn Phe Ala Ala Leu Thr Asn Leu Gin Asp 
100 105 110 
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Arg Ala Pro Ser Lys Arg Ser Pro Met Cys Asn Gin Pro Ser He Asa 

115 120 125 

Lys Ala Thr He Thr Glu Glu Ala Tyr Gin Lys Leu Ala Ser Glu Thr 

130 135 140 

Leu Glu Glu Leu Asp Trp Cys Leu Asp Gin Leu Glu Thr Leu Gin Thr 
145 150 155 160 

Arg His Ser Val Ser Glu Met Ala Ser Asn Lys Phe Lys Arg Met Leu 

.165 170 175 

Asn Arg Glu Leu Thr His Leu Ser Glu Met Ser Arg Ser Gly Asn Gin 

180 1S5 190 

Val Ser Glu Phe lie Ser Asn Thr Phe Leu Asp Lys Gin His Glu Val 

195 200 205 

Glu lie Pro Ser Pro Thr Gin Lys Glu Lys Glu Lys Lys Lys Arg Pro 

210 215 220 

Met Ser Gin lie Ser Gly Val Lys Lys Leu Met His Ser Ser Ser Leu 
225 230 235 240 

Thr Asn Ser Ser He Pro Arg Phe Gly Val Lys Thr Glu Gin Glu Asp 

245 250 255 

Val Leu Ala Lys Glu Leu Glu Asp Val Asn Lys Trp Gly Leu His Yal 

260 265 270 

Phe Arg He Ala Glu Leu Ser Gly Asn Arg Pro Leu Thr Val lie Met 

275 280 285 

His Thr He Phe Gin Glu Arg Asp Leu Leu Lys Thr Phe Lys He Pro 

290 295 300 

Val Asp Thr Leu He Thr Tyr Leu Met thr Leu Glu Asp His Tyr His 
305 310 315 320 

Ala Asp Val Ala Tyr His Asn Asn He His Ala Ala Asp Val Val Gin 
325 330 335 
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Ser Thr His Val Leu Leu Ser Thr, Pro Ala Leu Glu Ala Val Phe Thr 
340 345 350 

. Asp Leu Glu He Leu Ala Ala lie Phe Ala Ser Ala He His Asp Val 
355 360 365 

Asp His Pro Gly Val Ser Asn Gin Phe Leu He Asn Thr Asn Ser Glu 

370 375 380 

Leu Ala Leu Met Tyr Asn Asp Ser Ser Val Leu Glu Asn His His Leu 
385 390 395 400 

Ala Val Gly Phe Lys Leu Leu Gin Glu Glu Asn Cys Asp He Phe Gin 

405 410 415 

Asn Leu Thr Lys Lys Gin Arg Gin Ser Leu Arg Lys Met Val He Asp 

420 425 430 

He Val Leu Ala Thr Asp Met Ser Lys His Met Asn Leu Leu Ala Asp 

435 440 445 

Leu Lys Thr Met Val Glu Thr Lys Lys Val Thr Ser Ser Gly Val Leu 

450 455 460 

Leu Leu Asp Asn Tyr Ser Asp Arg He Gin Val Leu Gin Asn Met Val 
465 470 475 480 

His Cys Ala Asp Leu Ser Asn Pro Thr Lys Pro Leu Gin Leu Tyr Arg 

485 490 495 

Gin Trp Thr Asp Arg He Met Glu Glu Phe Phe Arg Gin Gly Asp Arg 

500 505 510 

Glu Arg Glu Arg Gly Met Glu He Ser Pro Met Cys Asp Lys His Asn 

515 520 525 

Ala Ser Val Glu Lys Ser Gin Val Gly Phe He Asp Tyr He Val His 

530 535. 540 

Pro Leu Trp Glu Thr Trp Ala Asp Leu Val His Pro Asp Ala Gin Asp 
545 550 555 560 
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He Leu Asp Thr Leu Glu Asp Asn Arg Glu Trp Tyr Gin Ser Thr He 

565 570 575 

Pro Gin Ser Pro Ser Pro Ala Pro Asp Asp Pro Glu Glu Gly Arg Gin 

580 585 590 

Gly Gin Thr Glu Lys Phe Gin Phe Glu Leu Thr Leu Glu Glu Asp Gly 

595 600 605 

Glu Ser Asp Thr Glu Lys Asp Ser Gly Ser Gin Val Glu Glu Asp Thr 

610 615 620 

Ser Cys Ser Asp Ser Lys Thr Leu Cys Thr Gin Asp Ser Glu Ser Thr 
625 630 635 640 

Glu lie Pro Leu Asp Glu Gin Val Glu Glu Glu Ala Val Gly Glu Glu 

645 650 655 

Glu Glu Ser Gin Pro Glu Ala Cys Val He Asp Asp Arg Ser Pro Asp 
660 665 670 

Thr 



673 



Claims 



1. A compound having a partial structure represented by Formula: 




or its salt. 



2. The compound according to Claim 1 represented by Formula: 
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(wherein R 1 is a hydrogen atom, optionally substituted hydrocarbon group, optionally substituted heterocyclic group 
or optionally substituted amino group, 

each of R 2 and R 3 is a hydrogen atom, optionally substituted hydrocarbon group or acyl group, and R 2 and 
R 3 may be taken together with the adjacent carbon atom to form an optionally substituted 3- to 8-membered ring, 

R 4 is a hydrogen atom, cyano group, optionally substituted hydrocarbon group, acyl group or optionally sub- 
stituted hydroxy group, 

R 5 is (1 ) a hydrogen atom, (2) an optionally substituted hydrocarbon group, (3) an acyl group, (4) an optionally 
substituted heterocyclic group or (5) a halogen atom, 

each of R 6 and R 7 is a hydrogen atom or optionally substituted hydrocarbon group, and R 6 and R 7 are taken 
together with the adjacent carbon atom to form an optionally substituted 3- to 8-membered ring, 

each of R 8 and R 9 is a hydrogen atom or optionally substituted hydrocarbon group, 

X is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, 

Y is an optionally substituted methylene group or carbonyl group, 

and n is 0 to 1). 

The compound according to Claim 2, wherein each of R 2 and R 3 is a hydrogen atom, optionally substituted hy- 
drocarbon group or acyl group, R 2 and R 3 are taken together with the adjacent carbon atom to form an optionally 
substituted 3- to 8-membered homocyclic or heterocyclic group, R 4 is a hydrogen atom or optionally substituted 
hydrocarbon group, each of R 6 and R 7 is a hydrogen atom or optionally substituted hydrocarbon group, R 6 and 
R 7 may be taken together with the adjacent carbon atom to form an optionally substituted 3- to 8-membered ho- 
mocyclic group, Y is methylene group which may have a hydroxy group or carbonyl group. 

The compound according to Claim 2 wherein R 1 is any of the following (i) to (iii): 

(i) a C^e alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C^g cycloalkyl group, C 3 . 6 cycloalkenyl group, 
C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from the group (hereinafter 
referred to as Substituent Group A) consisting of (1) a halogen atom, (2) a C^ 3 alkylenedioxy group, (3) a 
nitro group, (4) a cyano group, (5) an optionally halogenated C^. B alkyl group, (6) an optionally halogenated 
C 2 _ 6 alkenyl group, (7) an optionally halogenated C 2 . 6 alkynyl group, (8) a C 3 . 6 cycloalkyl group, (9) a C 6 . 14 
aryl group, (10) an optionally halogenated C^ 6 alkoxy group, (11) an optionally halogenated C^ 6 alkylthio 
group, (12) a hydroxy group, (13) an amino group, (14) a mono-C^g alkylamino group, (15) a mono-C 6 . 14 
arylamino group, (1 6) a di-C^g alkylamino group, (1 7) a di-C 6 . 14 arylamino group, (1 8) an acyl group selected 
from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, C^g alkoxy-carbonyl, C 6 . 14 aryl- 
carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy carbonyl, C 7 . 16 aralkyloxy-carbonyl, (5- or 6-membered hete- 
rocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl-carbamoyl, Cg_ 14 aryl-carbamoyl, (5- or 6-mem- 
bered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, 
c 6-u aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, 
(5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitro- 
gen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thi- 
ocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 
to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, 
di-C^g alkylsulfamoyl, C 6 . 14 arylsulfamoyl, C^g alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g alkylsulfinyi, C 6 . 14 aryl- 
sulfinyl, sulfino, sulfo, C^g alkoxysulfinyl, Cg_ 14 aryloxysulfinyl, C V g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, 
(19) an acylamino group selected from formylamino, C^g alkyl-carboxamido, C 6 . 14 aryl-carboxamido, C^g 
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alkoxy-carboxamido, C^.g alkylsulfonylamino and C 6 . 14 arylsulfonylamino, (20) an acyloxy group selected from 
c i-6 alkyl-carbonyloxy, C 6 . 14 aryl-carbonyloxy, C^g alkoxy-carbonyloxy, mono-C^g alkyl-carbamoyloxy, 
di-C 1 . 6 alkyl-carbamoyloxy, C 6 . 14 aryl-carbamoyloxy and nicotinoyloxy, (21 ) a 4- to 1 4-membered heterocyclic 
group having, in addition to carbon atoms, 1 to 4 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms, (22) a phosphono group, (23) a Cg_ 14 aryloxy group, (24) a di-C^g alkoxy-phosphoryl group, (25) a 
C 6 . 14 arylthio group, (26) a hydrazine group, (27) an imino group, (28) an oxo group, (29) an ureido group, 
(30) a C^e alkyl-ureido group, (31) a di-C^g-alkyl-ureido group, (32) an oxide group and (33) a group formed 
by binding 2 or 3 groups selected from (1) to (32) listed above, 

(ii) a 5- to 1 4-membered heterocyclic group having, in addition to carbon atoms, 1 to 4 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms which may have 1 to 5 substituent(s) selected from Substituent Group 
A described above, 

(iii) an amino group which may have 1 or 2 substituent(s) selected from the following (ia) to (iiia): 
(ia) a hydrogen atom, 

(iia) a C^g alkyl group, C 2 . 6 alkenyl group, C 2 _ 6 alkynyl group, C 3 ^ cycloalkyl group, C 3 . 6 cycloalkenyl 
group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above, 

(iiia) an acyl group selected from formyl, carboxy, carbamoyl, C^. 6 alkyl-carbonyl, C^g cycloalkyl-carbonyl, 
C|. 6 alkoxy-carbonyl, Cg. 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 _ 14 aryloxy carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^.g alkyl carbamoyl, 
C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C,. 6 alkyl-thiocarbonyl, C^g cy- 
cloalkyl-thiocarbonyl, C,_ 6 alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 .^ 6 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyi, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C-,. 6 alkylsulfonyl, Cg. 14 arylsulfonyl, C^_ 6 alkylsulfinyl, Cg_ 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above; 

each of R 2 and R 3 is any of the following (i) to (iii): 

(i) a hydrogen atom, 

(ii) a C^g alkyl group, C 2 ^ alkenyl group, C 2 _ 6 alkynyl group, C^g cycloalkyl group, C 3 . 6 cycloalkenyl 
group, C 6 . i4 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above, 

(iii) an acyl group selected from formyl, carboxy, carbamoyl, alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, Cg. 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C-j.g alkyl-carbamoyl, di-C-j.g alkyl-carbamoyl, 
C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C^g cy- 
cloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C^g alkylsulfonyl, Cg. 14 arylsulfonyl, C^g alkylsulfinyl, Cg_ 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent^) selected from Substituent Group A described above; 

R 2 and R 3 may be taken together with the adjacent carbon atom to form a C 3 ^ cycloalkane or 3- to 
8-membered heterocyclic ring which may have 1 to 3 substituent(s) selected from a C^g alkyl, C 6 . 14 aryl, 
C 7 . 16 aralkyl, amino, mono-C^g alkylamino, mono-C 6 . 14 arylamino, di-C^g alkylamino, di-C 6 . 14 arylamino 
and 4- to 10-membered aromatic heterocyclic group; 
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R 4 is (i) a hydrogen atom, (ii) a cyano group, (iii) a C^.g alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl 
group, C3. 6 cycloalkyl group, C 3 . 6 cycloalkenyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may 
have 1 to 5 substituent(s) selected from Substituent Group A described above, 

(iv) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, 
C^e alkoxy-carbonyl, Cg_ 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^.g alkyl-carbamoyl, 
C 6-14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C^g cy- 
cloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C^g alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g alkylsulfinyl, Cg_ 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above, or, 

(v) a group represented by Formula: -OR 4 
(R 4 is <1> a hydrogen atom, 

<2> a C-j.g alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C^g cycloalkyl group, C 3 . 6 cycloalkenyl 
group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above, or, 

<3> an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, Cg_ 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, Cg_ 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl-carbamoyl, 
C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C,_ 6 alkyl-thiocarbonyl, C^g cy- 
cloalkyl-thiocarbonyl, C,_g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbbnyl, thio- 
carbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C^g alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g alkylsulfinyl, Cg_ 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent^) selected from Substituent Group A described above); 

R 5 is any of the following (i) to (v): 

(i) a hydrogen atom, 

(ii) a C^g alkyl group, C 2 _ 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, C 3 . 6 cycloalkenyl group, 
C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substituent Group 
A described above, 

(iii) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, C^g 
alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy-carbonyl, 
(5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitro- 
gen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl-carbamoyl, C 6 . 14 aryl-car- 
bamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^g 
alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 ar- 
alkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C v6 alkyl-thiocar- 
bamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, 
mono-C^.g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsulfamoyl,C 1 . 6 alkylsulfonyl, Cg_ 14 arylsulfonyl, C v6 
alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, Cj.g alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and 
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C 6 . 14 aryloxysulfonyl, which may have 1 to 5 substituent(s) selected from Substituent Group A described 
above, 

(iv) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from Substituent 
Group A described above, 

(v) a halogen atom; 

each of R 6 and R 7 is (i) a hydrogen atom, (ii) a C^g alkyl group, C 2 _ 6 alkenyl group, C 2 -6 alkynyl group, C 3 . 6 
cycloalkyl group, C 3 . 6 cycloalkenyl group, Cg. 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent 
(s) selected from Substituent Group A described above, 

R 6 and R 7 may be taken together with the adjacent carbon atom to form a C 3 . 8 cycloalkane or 3- to 8-mem- 
bered heterocyclic ring which may have 1 to 3 substituent(s) selected from C,. 6 alkyl, C 6 . 14 aryl, C 7 . 16 aralkyl, 
amino, mono-C,^ alkylamino, mono-C 6 . 14 arylamino, di-C^g alkylamino, di-C 6 . 14 arylamino and 4- to 10-menv 
bered aromatic heterocyclic group; 

each of R 8 and R 9 is (i) a hydrogen atom, (ii) a C^g alkyl group, C 2 .6 alkenyl group, C 2 .6 alkynyl group, C 3 . 6 
cycloalkyl group, C 3 . 6 cycloalkenyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent 
(s) selected from Substituent Group A described above; 

X is (i) a bond, (ii) an oxygen atom, (iii) an optionally oxidized sulfur atom, (iv) a C^g alkyl group, C 2 . 6 alkenyl 
group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, C 3 . 6 cycloalkenyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group 
which may have 1 to 5 substituent(s) selected from Substituent Group A described above, 

(v) a nitrogen atom having an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cy- 
cloalkyl-carbonyl, C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy carbonyl, C 7 . 16 
aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C,. 6 alkyl-carbamoyl, di-C,. 6 alkyl-carbamoyl, 
C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C|_ 6 alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, 
C-,.6 alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl -thiocarbonyl, Cg_ 14 aryloxy-thiocarbonyl, C 7 . 16 ar- 
alkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, 
di-C-|_ 6 alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon 
atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsul- 
famoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsulfamoyl, C^g alkylsulfonyl, C 6 . 14 arylsulfonyl, C^g alkylsulfinyl, C 6 . 14 
arylsulfinyl, sulfino, sulfo, C,. 6 alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, C-j.g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, 
which may have 1 to 5 substituent(s) selected from Substituent Group A described above, or, 

(vi) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from Substituent Group 
A described above; 

Y is <1> a methylene group which may have substituent(s) selected from Substituent Group A described 
above or <2> a carbonyl group; 
n is 0 or 1 . 

The compound according to Claim 2 or 3, wherein R 1 is (1 ) an optionally substituted aromatic hydrocarbon group, 
(2) an optionally substituted heterocyclic group, (3) an optionally substituted alicyciic hydrocarbon group or (4) a 
group represented by Formula: -L-R 1a wherein L is methylene, carbonyl or an optionally substituted nitrogen atom, 
R 1a is a hydrogen atom, optionally substituted aromatic group, optionally substituted hydroxy group or optionally 
substituted amino group. 

The compound according to Claim 5, wherein R 1 is any of the following (i) to (iv): 

(i) a C 6 . 14 aryl group which may have 1 to 5 substituent(s) selected from Substituent Group A described above, 

(ii) a 5- to 1 4-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from Substituent 
Group A described above, 

(iii) a C 3 ^ cycloalkyl group which may have 1 to 5 substituent(s) selected from Substituent Group A described 
above, 

(iv) a group represented by Formula: -L-R 1a wherein L is (a) a methylene, (b) a carbonyl or (c) a nitrogen atom 
which may be substituted by the following (ia) to (iiia): 
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(ia) a hydrogen atom, 

(iia) a C^ 6 alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, C 3 . 6 cycloalkenyl 
group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substit- 
uent Group A described above, 

(iiia) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C^g cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, Cg. 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, Cg_ 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl-carbamoyl, 
C 6 . 14 aryl -carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C^g cy- 
cloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C^g alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g alkylsulfinyl, Cg_ 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group A described above, 

R 1a is (i) a hydrogen atom, 

(ii) <1 > a C 6 . 14 aryl group or <2> a 5- to 1 4-membered aromatic heterocyclic group containing 1 to 4 heteroatom 
(s) selected from 1 or 2 kind(s) of nitrogen, sulfur and oxygen atoms in addition to carbon atoms, both of which 
may contain 1 to 5 substituent(s) selected from Substituent Group A described above, 

(iii) a hydroxy group which may have C^g alkyl group, C 2 .g alkenyl group, C 2 . 6 alkynyl group, C^g cycloalkyl 
group, C 3 _ 6 cycloalkenyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) 
selected from Substituent Group A described above, 

(iv) an amino group which may be substituted by the following (ia) to (iiia): 

(ia) a hydrogen atom, (iia) aC^ alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, 
C 3 . 6 cycloalkenyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) 
selected from Substituent Group A described above, 

(iiia) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C^g cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, Cg_ 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy- 
carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom (s) selected 
from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C,. 6 alkyl-carbamoyl, 
C 6 . 14 aryl -carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkylthiocarbonyl, C 3 . 6 cy- 
cloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 
aryloxy-thiocarbonyl, C 7 .., 6 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to 
carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thio- 
carbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^ alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 . 14 arylsul- 
famoyl, C^g alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g alkylsulfinyl, Cg. 14 arylsulfinyl, sulfino, sulfo, C^g alkox- 
ysulfinyl, C 6 . 14 aryloxysulfinyl, C,_g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl. 

The compound according to Claim 2 wherein R 1 is a group represented by Formula: 



(wherein R 1b is a hydrogen atom or an optionally substituted hydrocarbon group or optionally substituted hetero- 
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cyclic group, Ring D is an optionally substituted aromatic hydrocarbon ring or optionally substituted heterocyclic 
group, E is a bond, methylene, oxygen atom, optionally oxidized sulfur atom, optionally substituted nitrogen atom 
or a group represented by Formula: -CS-0-, -CO-0-, -S-CO-, -(CH 2 ) k -CO-, -NR 1c -CO-(CH 2 ) m -, -NR 1C - 
S0 2 -(CH 2 ) m -, -S0 2 -NRiC-(CH 2 ) m -, -0-CS-NRiC-(CH 2 ) m -, -NR 1c -CO-NRiC-(CH 2 ) m -, -NR 1c -CO-(CH 2 ) m -NR 1c - 
wherein R 1C is a hydrogen atom, optionally substituted alkyl group or acyl group, k is 0 or 1 , m is an integer of 0 to 3. 

The compound according to Claim 7 wherein R 1b is (i) a alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, 
C 3 . 6 cycloalkyl group, C 3 . 6 cycloalkenyl group, C 6 . u aryl group or C 7 . 16 aralkyl group which may have 1 to 5 
substituent(s) selected from Substituent Group A described above, or, 

(ii) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from Substituent Group 
A described above; 

Ring D is (i) a C 6 . 14 aryl ring which may have 1 to 5 substituent(s) selected from Substituent Group A described 
above or (ii) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from Substituent 
Group A described above; 

E is any of the following (i) to (viii): 

(i) a bond, (ii) methylene, (iii) an oxygen atom, (iv) an optionally oxidized sulfur atom, 

(v) a C^q alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, C 3 . 6 cycloalkenyl group, 
C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substituent Group 
A described above, 

(vi) a nitrogen atom having an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 
cycloalkyl-carbonyl, C|. 6 alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, 
C 7 . 16 aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C,_ 6 alkyl-carbamoyl, di-Cj.g alkyl- 
carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkylthiocarbonyl, C^g cy- 
cloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 ary- 
loxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to carbon 
atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, 
mono-C^g alkyl-thiocarbamoyl, di-C,. 6 alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered het- 
erocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-thiocarbamoyl, mono-C,. 6 alkylsulfamoyl, di-C-j.g alkylsulfamoyl, Cg„ 14 arylsulfamoyl, C^g alkylsulfo- 
nyl, C 6 . 14 arylsulfonyl, C^g alkylsulfinyl, Cg_ 14 arylsulfinyl, sulfino, sulfo, C^g alkoxysulfinyl, C 6 . 14 aryloxysulfi- 
nyl, C|.g alkoxysulfonyl and C 6 _ 14 aryloxysulfonyl, 

(vii) a nitrogen atom having a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) 
selected from Substituent Group A described above; 

(viii) -CS-O-, -CO-0-, -S-CO-, -(CH 2 ) k -CO-, -NR 1c -CO-(CH 2 ) m -, -NR 1c -S0 2 -(CH 2 ) m -, -S0 2 -NR 1c -(CH 2 ) m -, 
-0-CS-NR 1c -(CH 2 ) m -, -NR 1c -CO-NR 1c -(CH 2 ) m - or -NR 1c -CO-(CH 2 ) m -NR 1c - wherein R 1C is (ia) a hydrogen 
atom, (iia) a C^g alkyl group which may have 1 to 5 substituent(s) selected from Substituent Group A described 
above, or, 

(iiia) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 ^ cycloalkyl-carbonyl, 
C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, Cg_ 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy-car- 
bonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl-carbamoyl, C 6 . 14 aryl- 
carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C-j.g 
alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 ar- 
alkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocar- 
bamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, 
mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, Cg_ 14 arylsulfamoyl, C^g alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g 
alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^g alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and 
C 6 . 14 aryloxysulfonyl, which may have 1 to 5 substituent(s) selected from Substituent Group A described 
above; 
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k is 0 or 1 , m is an integer of 0 to 3). 

9. The compound according to Claim 7, wherein R 1b is; 

(1) a alkyl group [this C^ 6 alkyl group may have a substituent selected from a halogen atom, cyano, 
hydroxy, C^g alkoxy-carbonyl, di-C^g alkylamino, optionally halogenated C^g alkyl-carbonyl-amino, carboxy, 
carbamoyl, alkyl-carbamoyl, C^g alkyl-carbonyloxy, C^g alkoxy-carbonyl-C^g a Iky I -carbamoyl, (5- to 
6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms 
in addition to carbon atomsJ-C^g alkyt-carbamoyl, C^g alkylthio, C^g alkylsulfinyl, C^g alkylsulfonylamino, (5- 
to 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms)-C 1 . 6 alkylcarbamoyl, (5- to 6-membered heterocyclic ring containing 1 to 
3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)-amino, sulfa- 
moyl-C 6 _ 14 aryl, carboxy-C 6 . 14 aryl, C^g alkoxy-carbonyl-C 6 _ 14 aryl, carbamoyl-C 6 . 14 aryl, C^g alkyl-car- 
bamoyl-C 6 . 14 aryl which may have a hydroxy and (4- to 10-membered heterocyclic ring containing 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)-carbamoyl-C 6 . 14 
aryl], 

(2) a C 3 . 6 cycloalkyl group, 

(3) a C 6 . 14 aryl group [this C 6 . 14 aryl group may have a substituent selected from C^g alkoxy, amino, carboxy, 
optionally halogenated C-,. 6 alkyl-carbonylamino, C^g alkoxy-carbonylamino, formylamino, ureido, C-j.g alkyl- 
sulfonylamino, (C^g alkyOJC^g alkylsulfonyl) amino, C^g alkoxy-carbonyl-C^g alkylamino, optionally C^g 
alkyl-esterified phosphono-C^g alkylamino, mono- or di-C^g alkyl-carbamoyl and C 7 . 16 aralkyloxy-carbon- 
ylamino] or, 

(4) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms [this heterocyclic group may be substituted by 1 or 2 substituent(s) 
selected from a halogen atom, C-j.g alkyl, carboxy-C^g alkyl, C^g alkyl-carbonyloxy-C 1 _ 6 alkyl, C 1 . 6 alkoxy- 
carbonyl, C^g alkoxy-carbonyl-C^g alkyl, C^g alkyl-carbamoyl-C-j.g alkyl, carbamoyl, oxo and 4- to 10-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atoms]; 

Ring D is (i) a C 6 . 14 aryl ring or (ii) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) 
selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms; 

E is (i) a bond, (ii) methylene, (iii) O, (iv) S, (v) SO, (vi) S0 2 , (vii) -NH-, (viii) -NfC^ alkyl)-, (ix) -N(C^ alkyl- 
carbonyl)-, (x) -NfC^g alkoxy-carbonyl)-, (xi) -NfC^ alkyl-sulfonyl)-, (xii)-CO-O-, (xiii)-S-CO-, (xiv) a group repre- 
sented by Formula: -(CH 2 ) k -CO wherein k is 0 or 1, (xv) -NR f -CO-(CH 2 ) m1 - wherein R f is a hydrogen atom orC^g 
alkoxy-carbonyl or C^g alkyl group which may be substituted by a heterocyclic group containing 1 to 3 heteroatom 
(s) selected from nitrogen, oxygen, sulfur atoms and the like in addition to carbon atoms, and ml is an integer of 
Oto 3, 

(xvi) a group represented by Formula -NR9-S0 2 -(CH 2 ) m2 - wherein R9 is a hydrogen atom or C^g alkyl-sulfonyl 
group and m2 is 0, 

(xvii) a group represented by Formula -S0 2 -NR h -(CH 2 ) m3 - wherein R h is a hydrogen atom or C V6 alkyl group and 
m3 is 0 or 1 , 

(xviii) a group represented by Formula -0-CS-NR'-(CH 2 ) m4 - wherein R' is a hydrogen atom or C^g alkyl group and 
m4 is 0 or 1 , 

(xix) a group represented by Formula -NRi-CO-NR k -(CH 2 ) m5 - wherein RHs a hydrogen atom or C,. 6 alkyl group, 
R k is a hydrogen atom or alkyl group 

and m5 is 0 or 1, 

(xx) a group represented by Formula -NR L -CO-CH 2 -(CH 2 ) m g-NR m - wherein R L is a hydrogen atom or C^g alkyl 
group, R m is a hydrogen atom or C^g alkyl group and m6 is 0 or 1 . 

10. The compound according to Claim 2 wherein R 1 is a group represented by Formula: 




CO-Hal 
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wherein Hal is a halogen atom, Ring D is defined as described in Claim 7. 
11. The compound according to Claim 2, wherein R 1 is a group represented by Formula: 




wherein each symbol is defined as described in Claim 7 or a group represented by Formula: 

CO-Hal 



wherein each symbol is defined as described in Claim 7, each of R 2 and R 3 is a hydrogen atom or optionally 
substituted hydrocarbon group, and R 2 and R 3 may be taken together with the adjacent carbon atom to form an 
optionally substituted 3- to 8-membered ring, R 4 is a hydrogen atom, cyano group, optionally substituted hydro- 
carbon group, acyl group or a group represented by Formula: -OR 4 ' wherein R 4 ' is a hydrogen atom, optionally 
substituted hydrocarbon group or acyl group, R 5 is an optionally substituted hydrocarbon group, each of R 6 and 
R 7 is an optionally substituted hydrocarbon group, R 6 and R 7 may be taken together with the adjacent carbon atom 
to form an optionally substituted 3- to 8-membered ring, each of R 8 and R 9 is a hydrogen atom, X is an oxygen 
atom or an optionally oxidized sulfur atom, Y is methylene which may have 1 or 2 C^_ 6 alkyl group(s) and n is 0 or 1 . 

12. The compound according to Claim 2, wherein R 1 is, 

(0 a C 6-u arvl 9 rou P which may have 1 to 3 substituent(s) selected from the following (1 ) to (23): 

(1) a halogen atom, 

(2) a nitro group, 

(3) a C^g alkyl group 

[this C^e alkyl group may have a substituent selected from a halogen atom, cyano, carbamoyl, C^g alkyl- 
carbamoyl, C,_ 6 alkyl-carbonyloxy, C^g alkoxy-carbonyl-C^g alkyl-carbamoyl, (5- or 6-membered hete- 
rocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atomsJ-C^g alkyl-carbamoyl, C^g alkylsulfonylamino, C^g alkoxy-carbonyl and carboxy], 

(4) a C 3 . 6 cycloalkyl group, 

(5) a C 6 . u aryl group 

[this C 6 _ 14 aryl group may have a substituent selected from amino, carboxy, C^g alkoxy-carbonyl, car- 
bamoyl, mono- or di-C-j.g alkylcarbamoyl, formylamino, C,_ 6 alkyl-carbonylamino which may have a hal- 
ogen atom or carboxy, C 6 . 14 aryl-carbonylamino, C^g alkoxy-carbonylamino, ureido, mono- or di-C^g 
alkylureido, C^g alkylsulfonylamino, (C^g alkylHC^g alkylsulfonyl) amino, (C^galkylXC^galkyl-carbonyl) 
amino, C^g alkoxy-carbonyl-C^g alkylamino, C 6 . 14 aralkyloxy-carbonylamino, C^g alkyl-carbonylami- 
no-C^g alkyl-carbonylamino, C^g alkylthio-C^g alkyl-carbonylamino, C^g alkyl-sulfinyl-C 1 . 6 alkyl-carbo- 
nylamino, C^g alkyl-sulfonyl-C^g alkyl-carbonylamino, C 6 . 14 aryloxy-carbonylamino and hydroxy-C^g 
alkyl-carbamoyl], 

(6) a C^g alkoxy group which may have a halogen atom or C^g alkoxy-C 6 . 14 aryl, 

(7) a 

(8) a C^g alkylthio group which may have a carbamoyl, 

(9) a C^g alkylsulfinyl group which may have a carbamoyl, 

(10) a Cg_ 14 arylthio group, 

(11) a hydroxy group, 
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(1 2) a 5- to 1 4-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms [this heterocyclic group may have a substituent selected from oxo, carboxy-C^g alkyl, 
C-,.6 alkyl-carbonyloxy-C^e alkyl, C^g alkyl, C,. 6 alkoxy-carbonyl-C^g alkyl, C^.g alkoxy-carbonyl, car- 
bamoyl-C^g alkyl and C^g alkyl-carbamoyl-C^g alkyl], 

(13) a carboxy group, 

(14) a group represented by Formula: -CO-Hal (wherein Hal is a halogen atom), 

(15) a C,. 6 alkyl-carbonyl group, 

(16) a Ci_ 6 alkyl-sulfonyl group, 

(17) a C^g alkoxy-carbonyl group, 

(18) a sulfamoyl group 

[this sulfamoyl group may have 1 or 2 substttuent(s) selected from C^g alkyl, carbamoyl-C^ alkyl, C,. 6 
alkoxy-carbonyl-C^g alkyl, (5- to 8-membered heterocyclic ring which may have an oxo groupJ-C^g alkyl 
and C^g alkyl-carbonylamino-C 6 . 14 aryl], 

(19) a group represented by Formula: -NR a R b 

[each of R a and R b is (i) a hydrogen atom, (ii) a C^g alkyl, (iii) (5- or 6-membered heterocyclic ring con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms) 
-C^g alkyl, (iv) a C^g alkoxy-carbonyl-C^g alkyl, (v) a di-C^g alkylamino-methylene-sulfamoyl-C^g alkyl, 
(vi) a carbamoyl-C^g alkyl, (vii) a sulfamoyl-C 1 _ 6 alkyl, (viii) a alkyl-sulfonyl, (ix) a C^g alkoxy-carbonyl, 
(x) a di-C-j.g alkoxy-carbonyl-C 2 .g alkenyl, (xi) a C 6 _ 14 aryl, (xii) a 5- or 6-membered heterocyclic group 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms [this 5- or 6-membered heterocyclic group may have a substituent selected from amino, C^g alkyl- 
carboxamido and C^g alkyl-sulfonylamino], (xiii) an optionally halogenated C^g alkyl-carbonyl, (xiv) a C,_ 6 
alkylthio-C^g alkyl-carbonyl, (xv) a C^g alkylsulfinyl-C 1 _ 6 alkyl-carbonyl, (xvi) a C.,. 6 alkylsulfonyl-C^g 
alkyl-carbonyl, (xvii) an amino-C^g alkyl-carbonyl, (xviii) an optionally halogenated Cj. 6 alkyl-carbonyl- 
amino-C^g alkyl-carbonyl, (xix) aC 6 . 14 aryl-carbonyl, (xx) acarboxy-C 6 . 14 aryl-carbonyl, (xxi) an optionally 
C-j-g alkyl-esterified phosphono-C,. 6 alkyl-Cg_ 14 aryl-carbonyl, (xxii) (5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms which may have a halogen atom, oxy or a C^g alkoxy-carbonyl)-carbonyl, (xxiii) (5- or 6-membered 
heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
dition to carbon atomsJ-C^g alkyl-carbonyl, (xxiv) a C 6 . 14 aryl-oxy-carbonyl, (xxv) a carboxy-C^g alkyl, 
(xxvi) a carbamoyl, (xxvii) an optionally halogenated C^g alkylcarbamoyl, (xxviii) a C 6 .i 4 arylcarbamoyl 
which may have a C^g alkyl-carbonylamino, (xxix) (5- or 6-membered heterocyclic ring containing 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)-carbamoyl, 
(xxx) a C 2 . 6 alkenyl-carbonyl, (xxxi) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an oxo 
group) -amino-C^.g alkyl-carbonyl, (xxxii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have 
an oxo groupXC^.g alkyl) amino-C^g alkyl-carbonyl, (xxxiii) a (5- or 6-membered heterocyclic ring con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms 
which may have an oxo groupXC^g alkylcarbonyl) amino-C^g alkyl-carbonyl, (xxxiv) a C v6 alkylthio-C^g 
alkylcarbonyl (sulfur atom may be oxidized), (xxxv) an optionally halogenated C^g alkylsulfonyl, (xxxvi) a 
sulfamoyl or (xxxvii) a C^g alkylsulfamoyl], 

(20) a group represented by Formula: -C(=0)NR c R d 

[each of R c and R d is (i) a hydrogen atom, (ii) a C^g alkyl, (iii) a (5- or 6-membered heterocyclic ring 
containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atomsJ-C^g alkyl, (iv) a carboxy-C^galkyl, (v) a C,_g alkoxy-carbonyl-C^g alkyl, (vi) a di-C^g alkylami- 
no-C^g alkyl, (vii) a carbamoyl-C^g alkyl, (viii) a C,. 6 alkylcarbamoyl-C^g alkyl, (ix) (5- or 6-membered 
heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in 
addition to carbon atomsJ-C^g alkylcarbamoyl-C^g alkyl, (x) (5- or 6-membered heterocyclic group con- 
taining 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms)- 
amino-C^g alkyl, (xi) a sulfamoyl-C 6 . 14 aryl-C^g alkyl, (xii) a C 6 . 14 aryl which may have a C^g alkoxy, (xiii) 
an optionally C^g alkyl-esterified phosphono-C^g alkyl-C 6 . 14 aryl, (xiv) a 4- to 10-membered heterocyclic 
ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms [this 4- to 1 0-membered heterocyclic group may have 1 to 2 substituent(s) selected from a halogen 
atom, C^g alkyl and oxo], (xv) a C 6 . 14 aryl-carbamoyl-C^g alkyl, (xvi) a hydroxy-C^g alkyl or (xvii) a (5- 
or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atoms which may have a oxo groupJ-carbamoyl-C^g alkyl], 

(21) acyano group, 
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(22) a mono- or di-C^ alkylcarbamoylthio group, 

(23) a mono- or di-C^ alkylthiocarbamoyloxy group; 

(ii) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
5 oxygen atoms in addition to carbon atoms which may contain 1 to 3 substituent(s) selected from the following 

(1)to(8): 

(1) a halogen atom, 

(2) a C-,.6 alkyl group [this alkyl may have a substituent selected from carboxy, C^g alkoxy, C^ s alkoxy- 
carbonyl, mono-C^ alkyl-amino, di-C^.g alkyl-amino, carbamoyl, C-,^ alkyl-carbamoyl which may have 
a hydroxy, 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms in addition to carbon atoms which may have oxo, (4- to 1 0-membered heterocyclic 
ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 
atoms) -carbamoyl, carbarn oyl-C^g alkyl-carbamoyl], 

(3) a C^g alkoxy group, 

(4) a C 6 . 14 aryl group, 

(5) a C 7 . 16 aralkyl group [this C 7 . 16 aralkyl group may have a substituent selected from carboxy, Cj.g 
alkoxy-carbonyl, carbamoyl, C^g alkyl-carbamoyl which may have a hydroxy, (4- to 10-membered hete- 
rocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atoms) -carbamoyl], 

(6) a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms [this 4- to 10-membered heterocyclic group may have a 
substituent selected from a C^. G alkyl, C^.g alkoxy-carbonyl, carbamoyl, oxo, 4- to 10-membered hetero- 
cyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atoms], 

(7) an oxo group, 

(8) an oxide group; 

(iii) a C 3 _ 6 cycloalkyl group; or, 

30 (iv) a group represented by Formula: -L'-R 1a ' (U is methylene, carbonyl or an optionally substituted nitrogen 

atom, R 1a ' is (1) a hydrogen atom, (2) a C 6 . 14 aryl group which may have 1 to 5 substituent(s) selected from 
a C^e alkyl and C^ 6 alkoxy, (3) a hydroxy group which may be substituted by a C,_ 6 alkyl group, (4) a C,. 6 
alkyl-amino group which may be substituted by a 4- to 10-membered heterocyclic ring containing 1 to 3 het- 
eroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms, (6) a C 6 . 14 aryl-amino 

35 group or (7) a (4- to 10-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 

oxygen and sulfur atoms in addition to carbon atoms)-amino group), 

each of R 2 and R 3 is (1) a hydrogen atom, (2) a C,. 6 alkyl group which may be substituted by <1> a halogen 
atom, <2> a hydroxy group which may be substituted by a substituent selected from a C^g alkyl, C^g alkyl-carbonyl , 
40 C^g alkylsulfonyl and C 7 . 16 aralkyl, <3> an amino group which may be substituted by 1 or 2 C^g alkyl, C^g alkyl- 

carbonyl and C 6 . 14 aryl-carbonyl, <4> a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom(s) 
selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms, <5> a thio group which may be 
substituted by C^g alkyl, <6> a C^g alkyl-sulfinyl group or <7> a C,. 6 alkyl-sulfonyl group, or (3) a C^g alkoxy- 
carbonyl group, 

45 R 2 and R 3 may be taken together with the adjacent carbon atom to form a C 3 . 8 cycloalkane, 

R 4 is (i) a hydrogen atom, (ii) a cyano group, (iii) a C,. 6 alkyl group [this C^g alkyl group may have a substituent 
selected from (1) a halogen atom, (2) a cyano group, (3) a C,. 6 alkoxy group, (4) a hydroxy group, (5) an amino 
group, (6) a mono-C^g alkylamino group, (7) a di-C^g alkylamino group, (8) a tri-C^g alkylammonium group, (8) 
a 4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 

so atoms in addition to carbon atoms which may have an oxo, (9) a C 6 . 14 arylthio, (10) an ureido, (11) a carboxy, (12) 

a carbamoyl, (13) a C^g alkoxy-carbonyl, (14) a mono-C^g alkyl-carbamoyl, (15) a formylamino and (16) a C^g 
alkyl-carboxamide], 

(iv) a C 2 . 6 alkenyl group or (v) a formyl group; 

X is a bond, oxygen atom, optionally oxidized sulfur atom, -NH- or -N(methyl)-, 
55 R5 is, 

when X is a bond, then (i) a hydrogen atom, (ii) a C^g alkyl group or (iii) a halogen atom, 
when X is an oxygen atom, then (i) a hydrogen atom, (ii) a C^g alkyl group [this C^g alkyl group may have 
a substituent selected from (1) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a 
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carbamoyl, (6) a C^.g alkoxy-carbonyl, (7) a mono-C^g alkyl-carbamoyl, (8) a di-C^g alkyl-carbamoyl, (9) a 4- to 
1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms 
in addition to carbon atoms], (iii) a C 2 . 6 alkenyl group [this C 2 . 6 alkenyl group may have a C 6 . 14 aryl], (iv) a C 2 . 6 
alkynyl group, (v) a C 3 . 6 cycloalkyl group, (vi) a C 7 . 16 aralkyl group, (vii) a C^g alkyl-carbonyl group, (viii) a C 6 . 14 
5 aryl-carbonyl group, (ix) a C^g alkoxy-carbonyl group, (x) a mono- or di-C^g alkyl-thiocarbamoyl group, (xi) an 

optionally halogenated C^g alkyl-sulfonyl group or (xii) a 4- to 10-membered heterocyclic group containing 1 to 4 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this heterocyclic group 
may have a Cg_ 14 aryl], 

when X is an optionally oxidized sulfur, then (i) a C^g alkyl group or (ii) a mono- or di-C^g alkyl-carbamoyl 
10 group, 

when X is -NH- or -N(methyl)-, then (i) a hydrogen atom, (ii) a C^g alkyl group [this alkyl group may 
have a C^g alkoxy-carbonyl], (iii) formyl, (iv) a C^g alkyl-carbonyl group, (v) a C^g alkoxy-carbonyl group, (vi) a 
carbamoyl group, (vii) a mono- or di-C^g alkyl-carbamoyl group or (viii) a C-i.g alkyl-sulfonyl group, 

each of R 6 and R 7 is a hydrogen atom or C^g alkyl group, 
is r6 and R 7 may be taken together with the adjacent carbon atom to form a C 3 . 8 cycloalkane, 

Each of R 8 and R 9 is a hydrogen atom or a C^g alkyl group, 

Y is <1> a methylene group which may have 1 or 2 C^g alkyl or hydroxy group or <2> a carbonyl group, 
n is 0 or 1. 

20 13. The compound according to Claim 3, wherein R 1 is, 

(i) a C 6 . 14 aryl group which may have 1 to 3 substituent(s) selected from the following (1) to (20): 

(I) a halogen atom, 
25 (2) a nitro group, 

(3) a alkyl group [this C^g alkyl group may have a substituent selected from a halogen atom, cyano, 
carbamoyl, alkyl-carbamoyl, C^g alkyl -carbonyloxy, C^g alkoxy-carbonyl-C^g alkyl-carbamoyl, (5- 
or6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms in addition to carbon atomsJ-C^g alkyl-carbamoyl, C 1-6 alkylsulfonylamino, C^g alkoxy-carbonyl 

30 and carboxyl, 

(4) a C 3 . 6 cycloalkyl group, 

(5) a C 6 . 14 aryl group 
[this 

^6-14 ar yl g r0U P ma Y have a substituent selected from amino, optionally halogenated Cj.g alkyl- 
carbonylamino, ureido, C^g alkylsulfonylamino, (C^g alkyrXC^g alkylsulfonyl) amino, C^g alkoxy-carbo- 
35 nyl-C^g alkylamino], 

(6) a C^g alkoxy group which may have a halogen atom or C^g alkoxy-C 6 . 14 aryl, 

(7) a C 6 . 14 aryloxy group, 

(8) a C,. 6 alkylthio group, 

(9) a C,. 6 alkylsulfinyl group, 
40 (10) a Cg_ 14 arylthio group, 

(II) a hydroxy group, 

(12) a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms [this heterocyclic group may have a substituent selected from oxo, carboxy-C^g alkyl, 
C^g alkyl-carbonyloxy-C^g alkyl, C^g alkoxy-carbonyl-C^g alkyl, C^g alkyl-carbamoyl-C^g alkyl], 
45 (1 3) a carboxy group, 

(14) a group represented by Formula: -CO-Hal (Hal is a halogen atom), 

(15) a C^g alkyl-carbonyl group, 

(16) a C^g alkyl-sulfonyl group, 

(17) a C^g alkoxy-carbonyl group, 

50 (18) a sulfamoyl group [this sulfamoyl group may have a substituent selected from C^g alkyl, car- 

bamoyl-C 1 _ 6 alkyl, (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from 
nitrogen, sulfur and oxygen atoms in addition to carbon atoms)-C 1 . 6 alkyl], 

(19) a group represented by Formula: -NR a R b [each of R a and R b is (i) a hydrogen atom, (ii) a C^g alkyl, 
(iii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
55 and oxygen atoms in addition to carbon atomsJ-C^g alkyl, (iv) a C^g alkoxy-carbonyl-C^g alkyl, (v) a 

di-C-j.g alkylamino-methylene-sulfamoyl-C 1 _g alkyl, (vi) a carbamoyl-C^g alkyl, (vii) a sulfamoyl-C^g alkyl, 
(viii) a C V6 alkyl-sulfonyl, (ix) a C^g alkoxy-carbonyl, (x) a di-C^g alkoxy-carbonyl-C 2 . 6 alkenyl, (xi) a C 6 . 14 
aryl, (xii) a 5- or 6-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, 
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sulfur and oxygen atoms in addition to carbon atoms [this 5- or 6-membered heterocyclic group may have 
a substituent selected from amino, C-j.g alkyl-carboxamido and C^. s alkyl-sulfonylamino], (xiii) an optionally 
halogenated C^. 6 alkyl-carbonyl, (xiv) a C^.g alkylthio-C^g alkyl-carbonyl, (xv) a C^g alkylsulfinyl-C^.g 
alkyl-carbonyl, (xvi) a C,. 6 alkylsulfonyl-C,. 6 alkyl-carbonyl, (xvii) an amino-Cj.g alkyl-carbonyl, (xviii) an 

5 optionally halogenated C^.g alkyl-carbonyl-amino-C 1 _ 6 alkyl-carbonyl, (xix) a Cg_ 14 aryl-carbonyl, (xx) a 

carboxy-Cg. u aryl-carbonyl, (xxi) an optionally C^g alkyl-esterified phosphono-C^g alkyl-C 6 . 14 aryl-carb- 
onyl, (xxii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms in addition to carbon atoms)-carbonyl, (xxiii) a (5- or 6-membered heterocyclic 
ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 

10 atoms which may have a C^g alkoxy-carbonyO-C^g alkyl-carbonyl, (xxiv) a Cg_ 14 aryl-oxy-carbonyl, (xxv) 

a carboxy-C^g alky! or (xxvi) a carbamoyl], 

(20) a group represented by Formula: -C(=0)NR c R d [each of R c and R d is (i) a hydrogen atom, (ii) a C^g 
alkyl, (iii) a (5- or 6-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms in addition to carbon atomsJ-C^g alkyl, (iv) acarboxy-C^g alkyl, (v) aC^g alkoxy- 

15 carbonyl-C^g alkyl, (vi) a di-C^g alkylamino-C^g alkyl, (vii) a carbamoyl-C^ alkyl, (viii) a C^g alkylcar- 

bamoyl-C^g alkyl, (ix) a (5- or 6-membered heterocyclic group containing 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-C V6 alkyl carbamoyl-C^g alkyl, (x) a (5- or 6-membered hetero- 
cyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 
to carbon atomsJ-amino-C^g alkyl, (xi) a sulfamoyl-Cg. 14 aryl-C^g alkyl, (xii) a C 6 . 14 aryl which may have 

20 a C^g alkoxy, (xiii) a C^g alkyl-C 6 . 14 aryl which have an optionally C^g alkyl-esterified phosphono group, 

(xiv) a 4- to 10-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms [this heterocyclic group may have 1 or 2 substituent(s) 
selected from a halogen atom, C^g alkyl and oxo] or (xv) a C 6 _ 14 aryl-carbamoyl-C^g alkyl; 

25 (ii) a 5- to 1 4-membered heterocyclic group containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 

oxygen atoms in addition to carbon atoms which may contain 1 to 3 substituent(s) selected from the following 

(1) to(8); 

(1) a halogen atom, 

30 (2) a Cj.g alkyl group [this alkyl may have a substituent selected from carboxy, C^g alkoxy, C^g alkoxy- 

carbonyl, mono-C^ alkyl-amino, di-C^g alkyl-amino, carbamoyl, C^g alkyl-carbamoyl which may have 
a hydroxy, 4- to 1 0-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms in addition to carbon atoms which may have oxo, (4- to 1 0-membered heterocyclic 
ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon 

35 atoms)-carbamoyl, carbamoyl-C^g alkyl-carbamoyl], 

(3) a C-j.g alkoxy group, 

(4) a C 6 . 14 aryl group, 

(5) a C 7 . 16 aralkyl group [this C 7 . 16 aralkyl group may have a substituent selected from carboxy, C^g 
alkoxy-carbonyl, carbamoyl, C^g alkyl-carbamoyl which may have a hydroxy, (4- to 10-membered hete- 

40 rocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 

to carbon atoms)-carbamoyl], 

(6) a 4- to 10-membere heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms in addition to carbon atoms [this 4- to 1 0-membered heterocyclic group may have a 
substituent selected from a C^g alkyl, C^g alkoxy-carbonyl, carbamoyl, oxo, 4- to 10-membered hetero- 

45 cyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition 

to carbon atoms], 

(7) an oxo group, 

(8) an oxide group; 

50 (iii) a C 3 . 6 cycloalkyl group; or, 

(iv) a group represented by Formula: -L'-R 1a ' (!_' is methylene, carbonyl or -NH-, R 1a ' is (1) a hydrogen atom, 

(2) a 

^6-14 ar y' 9 rou P which may have 1 to 5 substituent(s) selected from a Cj.g alkyl and Cj.g alkoxy, (3) a 
hydroxy group which may be substituted by a alkyl group, (4) a C^g alkyl-amino group which may be 
substituted by a 4- to 10-membered heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, 
55 oxygen and sulfur atoms in addition to carbon atoms, (6) a Cg. 14 aryl-amino group or (7) a (4- to 1 0-membered 

heterocyclic ring containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition 
to carbon atoms)-amino group), 
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each of R 2 and R 3 is (1 ) a hydrogen atom, (2) an optionally halogenated C^g alkyl group or (3) a C^g alkoxy- 
carbonyl group, 

R 2 and R 3 may be taken together with the adjacent carbon atom to form a C 3 . 8 cycloalkane, 

R 4 is (i) a hydrogen atom, (ii) a C^g alkyl group [this C,. 6 alkyl group may have a substituent selected from 
(1) a halogen atom, (2) a cyano group, (3) a C^g alkoxy group, (4) a hydroxy group, (5) an amino group, (6) a 
mono-C v6 alkylamino group, (7) a di-C v6 alkylamino group, (8) a tri-C^g alkylammonium group, (9) a 4- to 1 0-mem- 
bered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in ad- 
dition to carbon atoms which may have an oxo, (1 0) a C 6 . u arylthio, (1 1 ) an ureido, (1 2) a carboxy, (1 3) a carbamoyl, 
(14) a C^g alkoxy-carbonyl, (15) amono-C^g alkyl-carbamoyl, (16) aformylamino, (17) aC^ alkyl-carboxamido] 
or (iii) a C 2 . 6 alkenyl group; 

X is a bond, oxygen atom, sulfur atom, -NH- or -N(methyl)-, 

R 5 is, 

when X is a bond, then (i) a hydrogen atom, (ii) a C^g alkyl group or (iii) a halogen atom, 
when X is an oxygen atom, then (i) a hydrogen atom, (ii) a C,. 6 alkyl group [this C-j.g alkyl group may have 
a substituent selected from (1) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a 
carbamoyl, (6) a C^g alkoxy-carbonyl, (7) a mono-C^g alkyl-carbamoyl, (8) a di-C^g alkyl-carbamoyl, (9) a 4- to 
10-membered heterocyclic group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms 
in addition to carbon atoms which may have an oxo], (iii) a C 2 . 6 alkenyl group [this C 2 . 6 alkenyl group may have 
a C 6 . 14 aryl], (iv) a C 2 . 6 alkynyl group, (v) a C 3 . 6 cycloalkyl group, (vi) a C 7 . 16 aralkyl group, (vii) a C^g alkyl-carbonyl 
group, (viii) a C 6 . 14 aryl-carbonyl group, (ix) a C^g alkoxy-carbonyl group, (x) a mono- or di-C^g alkyl-thiocarbamoyl 
group, (xi) an optionally halogenated C^ 6 alkyl-sulfonyl group or (xii) a 4- to 10-membered heterocyclic group 
containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this 
heterocyclic group may have a Cg_ 14 aryl], 

when X is a sulfur, then (i) a C^g alkyl group or (ii) a mono- or di-C^g alkyl-carbamoyl group, 
when X is -NH- or -N(methyl)-, then (i) a hydrogen atom, (ii) a C^g alkyl group [this alkyl group may 
have a C^g alkoxy-carbonyl], (iii) formyl, (iv) a C^g alkyl-carbonyl group, (v) a C^g alkoxy-carbonyl group, (vi) a 
carbamoyl group, (vii) a mono- or di-C^g alkyl-carbamoyl group or (viii) a C^g alkyl-sulfonyl group, 
each of R 6 and R 7 is a hydrogen atom or C^g alkyl group, 

R 6 and R 7 may be taken together with the adjacent carbon atom to form a C 3 . 8 cycloalkane, 

each of R 8 and R 9 is a hydrogen atom or a C^g alkyl group, 

Y is a methylene group which may have a hydroxy group or carbonyl group, 

n is 0 or 1. 

14. The compound according to Claim 2, wherein each of R 2 and R 3 is a alkyl group. 

15. The compound according to Claim 2, wherein R 4 is a hydrogen atom. 

16. The compound according to Claim 2, wherein each of R 6 and R 7 is a C^ alkyl group. 

17. The compound according to Claim 2, wherein each of R 8 and R 9 is a hydrogen atom. 

18. The compound according to Claim 2, wherein n is 0. 

19. (i) 2-(methylsulfinyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phen^ 
acetamide, (ii) N-(methylsulfonyl)-N-[3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin- 
1-yl)phenyl]methanesulfonamide, (iii) N-[2-(4-pyridinyl)ethyl]-3-(3,4,8,9-tetrahydro-6-methoxy-3,3,8,8-tetrameth- 
ylfuro[2,3-h]isoquinolin-1-yl)benzamide, (iv) N-(2-amino-2-oxoethyl)-3-(3,4,8 t 9-tetrahydro-6-methoxy-3,3,8,8-te- 
tramethylfuro[2,3-h]isoquinolin-1-yl)ben2amide, (vJN-methyl-S-tS^.e.g-tetrahydro-e-methoxy-S.S.S.S-tetrameth- 
ylfuro[2,3-h]isoquinolin-1-yl)benzamide, (vi) N-ethyl-S-JS^.S.g-tetrahydro-e-methoxy-S.S.e.B-tetramethylfuro 
(2,3-h]isoquinolin-1-yl)benzamide, (vii) N-P'-iS^.S.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfuro^.S-hJisoquin- 
olin-1-yl)[1,1'-biphenyl]-3-yl]acetamide, (viii) N-(2-amino-1 ,1-dimethyl-2-oxoethyl)-3-(3,4,8,9-tetrahydro-6-meth- 
oxy-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)benzamide, (ixJS-fS-ethoxy-SAS.g-tetrahydro-S.S.S.S-tetrame- 
thylfuro[2,3-h]isoquinolin-1-yl)-N-methylbenzamide, (x) N-(2-amino-2-oxoethyl)-3-(6-ethoxy-3,4,8,9-tetrahydro- 
3,3,8,8-tetramethylfuro[2 ( 3-h]isoquinolin-1 -yl)benzamide, (xi) N-(2-amino-1 ,1 -dimethyl-2-oxoethyl)-3-(6-ethoxy- 
S^.S.g-tetrahydro-S.S^.S-tetramethylfurop.S-hlisoquinolin-l-yObenzamide, (xii)N-[3-(6-ethoxy-3,4,8,9-tetrahy- 
dro-3,3,8,8-tetramethylfuro[2,3-h]isoquinolin-1-yl)phenyl]methanesulfonamide, (xiii) N-(hydroxymethyl)- 
S-tS^.B.g-tetrahydro-e-methoxy-S.S.S.S-tetramethylfurop.S-hjisoquinolin-l -yl)benzamide or its salts. 
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20. A prodrug of a compound according to Claim 2. 

21. A process for producing a compound having a partial structure represented by Formula: 




wherein R 1 is defined as described in Claim 2, or a salt thereof , comprising: 
(1) reacting a compound having a partial structure represented by Formula: 




wherein R 10 is an optionally substituted vinyl group or allyl group, or a salt thereof with a compound represented 
by Formula: R 1 -CN or Formula: R 1 -CONH 2 wherein R 1 is defined as described above or a salt thereof, or, 
(2) reacting a compound having a partial structure represented by Formula: 




z 



wherein R 11 is an optionally substituted methyl group, Z is an optionally substituted hydroxy group or halogen atom 
or a salt thereof with a compound represented by Formula: R 1 -CN wherein R 1 is defined as described above or a 
salt thereof. 

22. A process for producing a compound according to Claim 2, comprising: 
reacting a compound represented by Formula: 
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wherein each symbol is defined as described in Claim 2 or a salt thereof with a compound represented by 
Formula: R 1 -CN or Formula: R 1 -CONH 2 wherein R 1 is defined as described in Claim 2 or a salt thereof, or, 
reacting a compound represented by Formula: 



wherein Z is an optionally substituted hydroxy group or halogen atom, and other symbols are defined as described 
in Claim 2 or a salt thereof with a compound represented by Formula: R 1 -CN wherein R 1 is defined as described 
in Claim 2 or a salt thereof. 

23. A phosphodiesterase IV inhibitor comprising a compound having a partial structure represented by Formula: 



. wherein is a single bond or double bond or a salt thereof. 

24. A pharmaceutical composition comprising a compound according to Claim 1 or a salt thereof. 

25. A pharmaceutical composition comprising a compound according to Claim 2 or a salt or prodrug thereof. 

26. The pharmaceutical composition according to Claim 24 or 25, which is a phosphodiesterase IV inhibitor. 

27. The pharmaceutical composition according to Claims 23 to 26, which is a prophylactic or therapeutic agent against 
inflammatory diseases. 

28. The pharmaceutical composition according to Claims 23 to 26, which is a prophylactic or therapeutic agent against 
asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease or diabetes. 

29. A pharmaceutical comprising (1) a compound having a partial structure represented by Formula: 




wherein — is a single bond or double bond or a salt thereof in combination with (2) a drug selected from antiasthma 
agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial agents, antifungal agents 
and antidiabetic agents. 
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30. A pharmaceutical comprising (1 ) a compound according to Claim 1 or a salt thereof in combination with (2) a drug 
selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial 
agents, antifungal agents and antidiabetic agents. 

31. A pharmaceutical comprising (1) a compound according to Claim 2, or a salt or prodrug thereof in combination 
with (2) a drug selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory 
agents, antibacterial agents, antifungal agents and antidiabetic agents. 

32. The pharmaceutical according to Claims 29 to 31 , which is a prophylactic or therapeutic agent against inflammatory 
diseases. 

33. The pharmaceutical according to Claims 29 to 31, which is a prophylactic or therapeutic agent against asthma, 
chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease or diabetes. 

34. Escherichia coli BL21/pPDE4D3 (FERM BP-7075). 

35. A method for inhibiting a phosphodiesterase IV comprising administering an effective amount of a compound having 
a partial structure represented by Formula: 




wherein is a single bond or double bond or a salt thereof to a mammal. 

36. A method for preventing or treating inflammatory diseases comprising administering an effective amount of a com- 
pound having a partial structure represented by Formula: 




wherein - — is a single bond or double bond or a salt thereof to a mammal. 

37. A method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, 
autoimmune disease or diabetes comprising administering an effective amount of a compound having a partial 
structure represented by Formula: 




wherein is a single bond or double bond or a salt thereof to a mammal. 

38. A method for inhibiting a phosphodiesterase IV comprising administering an effective amount of the compound 
according to Claim 1 or a salt thereof to a mammal. 



315 



EP 1 270 577 A1 

39. A method for preventing or treating inflammatory diseases comprising administering an effective amount of the 
compound according to Claim 1 or a salt thereof to a mammal. 

40. A method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, 
5 autoimmune disease or diabetes comprising administering an effective amount of the compound according to 

Claim 1 or a salt thereof to a mammal. 

41. A method for inhibiting a phosphodiesterase IV comprising administering an effective amount of the compound 
according to Claim 2 or a salt or prodrug thereof to a mammal. 

10 

42. A method for preventing or treating inflammatory diseases comprising administering an effective amount of the 
compound according to Claim 2 or a salt or prodrug thereof to a mammal. 

43. A method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, 
15 autoimmune disease or diabetes comprising administering an effective amount of the compound according to 

Claim 2 or a salt or prodrug thereof to a mammal. 

44. A method for preventing or treating inflammatory diseases comprising administering (1 ) an effective amount of a 
compound having a partial structure represented by Formula: 

20 



25 




wherein — is a single bond or double bond or a salt thereof in combination with (2) an effective amount of a drug 
30 selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial 

agents, antifungal agents and antidiabetic agents to a mammal. 

45. A method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, 
autoimmune disease or diabetes comprising administering (1 ) an effective amount of a compound having a partial 
35 structure represented by Formula: 




wherein — is a single bond or double bond, or a salt thereof in combination with (2) an effective amount of a drug 
selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial 
agents, antifungal agents and antidiabetic agents to a mammal. 

46. A method for preventing or treating inflammatory diseases comprising administering (1 ) an effective amount of the 
compound according to Claim 1 or a salt thereof in combination with (2) an effective amount of a drug selected 
from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial agents, 
antifungal agents and antidiabetic agents to a mammal. 

47. A method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, 
autoimmune disease or diabetes comprising administering (1) an effective amount of the compound according to 
Claim 1 or a salt thereof in combination with (2) an effective amount of a drug selected from antiasthma agents, 
antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial agents, antifungal agents and 
antidiabetic agents to a mammal. 
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48. A method for preventing or treating inflammatory diseases comprising administering (1) an effective amount of the 
compound according to Claim 2 or a salt or prodrug thereof in combination with (2) an effective amount of a drug 
selected from antiasthma agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial 
agents, antifungal agents and antidiabetic agents to a mammal. 

5 

49. A method for preventing or treating asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, 
autoimmune disease or diabetes comprising administering (1) an effective amount of the compound according to 
Claim 2 or a salt or prodrug thereof in combination with (2) an effective amount of a drug selected from antiasthma 
agents, antiallergic agents, anticholinergic agents, antiinflammatory agents, antibacterial agents, antifungal agents 

10 and antidiabetic agents to a mammal. 

50. A use of a compound having a partial structure represented by Formula: 



15 



20 




wherein is a single bond or double bond, or a salt thereof for producing a phosphodiesterase IV inhibitor. 
51. A use of a compound having a partial structure represented by Formula: 

25 



30 




wherein is a single bond or double bond, or a salt thereof for producing a prophylactic or therapeutic agent 
35 against inflammatory diseases. 



52. A use of a compound having a partial structure represented by Formula: 



40 




wherein is a single bond or double bond, or a salt thereof for producing a prophylactic or therapeutic agent 
against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease or di- 
abetes. 

50 

53. A use of the compound according to Claim 1 or a salt thereof for producing a phosphodiesterase IV inhibitor 

54. A use of the compound according to Claim 1 or a salt thereof for producing a prophylactic or therapeutic agent 
against inflammatory diseases. 

55 

55. A use of the compound according to Claim 1 or a salt thereof for producing a prophylactic or therapeutic agent 
against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease or di- 
abetes. 
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56. A use of the compound according to Claim 2 or a salt or prodrug thereof for producing a phosphodiesterase IV 
inhibitor. 

57. A use of the compound according to Claim 2 or a salt or prodrug thereof for producing a prophylactic or therapeutic 
5 agent against inflammatory diseases. 

58. A use of the compound according to Claim 2 or a salt or prodrug thereof for producing a prophylactic or therapeutic 
agent against asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis, autoimmune disease 
or diabetes. 

10 

59. A compound represented by Formula: 



15 



20 




wherein each of R 2a and R 3a is an optionally substituted aliphatic hydrocarbon group or acyl group, 

R 4 * is a hydrogen atom, optionally substituted hydrocarbon group, acyl group or optionally substituted hy- 
droxy group, 

R 5a is an optionally substituted hydrocarbon group, acyl group, optionally substituted heterocyclic group or 
halogen atom, 

Each of R 6a , R 7a , R 8a and R 9a is a hydrogen atom or optionally substituted hydrocarbon group, 
X a is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, or by 
Formula: 



40 



45 




wherein each of R 2a and R 3a is an optionally substituted aliphatic hydrocarbon group or acyl group, 

R 4 * is a hydrogen atom, optionally substituted hydrocarbon group, acyl group or optionally substituted hy- 
droxy group, 

50 R 53 is an optionally substituted hydrocarbon group, acyl group, optionally substituted heterocyclic group or 

halogen atom, 

Each of R 6a , R 7a R 8a and R 9a is a hydrogen atom or optionally substituted hydrocarbon group, 
X a is a bond, oxygen atom, optionally oxidized sulfur atom or optionally substituted nitrogen atom, 
Z is an optionally substituted hydroxy group or halogen atom, or a salt thereof. 

55 

60. The compound according to Claim 59, wherein each of R 2a and R 33 is any of the following (i) to (ii): 

(i) a C U6 alkyl group or C 3 . 6 cycloalkyl group which may have 1 to 5 substituent(s) selected from the group 
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(hereinafter referred to as Substituent Group B) consisting of (1) a halogen atom, (2) a C^, 3 alkylenedioxy 
group, (3) a nitro group, (4) an optionally halogenated C^. 6 alkyl group, (5) a C 3 . 6 cycloalkyl group, (6) a C 6 . 14 
aryl group, (7) an optionally halogenated C^. 6 alkoxy group, (8) an optionally halogenated C^. 6 alkylthio group, 
(9) a hydroxy group, (10) an amino group, (11) a mono-C^g alkylamino group, (12) a mono-C 6 . 14 arylamino 
group, (1 3) a di-C^g alkylamino group, (1 4) a di-Cg. 14 arylamino group, (1 5) an acyl group selected from formyl, 
carboxy, carbamoyl, C A . 6 alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, C^ G alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, 
C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy-carbonyl, (5- or 6-membered heterocycle hav- 
ing, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-car- 
bonyl, mono-C,. 6 alkyl-carbamoyl, di-C,_ 6 alkyl carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 6-membered hetero- 
cycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C^g cycloalkyl-thiocarbonyl. C 1-6 alkoxy-thiocarbonyl, C 6 . 14 aryl- 
thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thiocar- 
bamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, 
di-C^g alkylsulfamoyl, C 6 . 14 arylsulfamoyl, Cj.g alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g alkylsulfinyl, C 6 . 14 aryl- 
sulfinyl, sulfino, sulfo, C^g alkoxysulfinyl, Cg_ 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, 
(16) an acylamino group selected from formylamino, C^g alkyl-carboxamido, C 6 . 14 aryl-carboxamido, C^g 
alkoxy-carboxamido, C^g alkylsulfonylamino and C 6 . 14 arylsulfonylamino, (1 7) an acyloxy group selected from 
C^g alkyl-carbonyloxy, C 6 . 14 aryl-carbonyloxy, C^g alkoxy-carbonyloxy, mono-C^g alkyl-carbamoyloxy, 
di-C^g alkyl-carbamoyloxy, C 6 . 14 aryl-carbamoyloxy and nicotinoyloxy, (1 8) a 4- to 1 4-membered heterocyclic 
group having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms, (19) a phosphono group, (20) a Cg_ 14 aryloxy group, (21) a di-C^g alkoxy-phosphoryl group, (22) a 
C 6 . 14 arylthio group, (23) a hydrazino group, (24) an imino group, (25) an oxo group, (26) an ureido group, 
(27) a C V6 alkyl-ureido group, (28) a di-C^g-alkyl-ureldo group, (29) an oxide group and (30) a group formed 
by binding 2 or 3 groups selected from (1 ) to (29) listed above, 

(ii) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, C^g 
alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy-carbonyl, 
(5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitro- 
gen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl carbamoyl, C 6 . 14 aryl-car- 
bamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^g 
alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 ar- 
alkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocar- 
bamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, 
mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, Cg. 14 arylsulfamoyl, C^g alkylsulfonyl, Cg_ 14 arylsulfonyl, C 1 . s 
alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^g alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and 
C 6 . 14 aryloxysulfonyl, which may have 1 to 5 substituent(s) selected from Substituent Group B described 
above; 



R 4 * is (i) a hydrogen atom, 

(ii) a C^g alkyl group, C 3 . 6 cycloalkyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent 
(s) selected from Substituent Group B described above, 

(iii) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C^g cycloalkyl-carbonyl, C^g 
alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, Cg_ 14 aryloxy carbonyl, C 7 . 16 aralkyloxy-carbonyl, (5- 
or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms) -carbonyl, mono-C^g alkyl-carbamoyl, di-Cj.g alkyl-carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, 
c 6-u aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, Cg„ 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 
aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) se- 
lected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C v6 alkylsulfamoyl, di-C^g alkylsulfamoyl, 
C 6 . 14 arylsulfamoyl, C^g alkylsulfonyl, Cg. 14 arylsulfonyl, C^g alkylsulfinyl, Cg. 14 arylsulfinyl, sulfino, sulfo, C^g 
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alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and Cg_ 14 aryloxysulfonyl, which may have 1 to 5 substit- 
uent(s) selected from Substituent Group B described above; 
(iv) a group represented by Formula: -OR 4a 
(wherein R 4a< is <1> a hydrogen atom, 

<2> a C^q alky! group, C 3 . 6 cycloalkyl group, C 6 . u aryl group or C 7 . 16 aralkyl group which may have 1 to 5 sub- 
stituent(s) selected from Substituent Group B described above, or, 

<3> an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, C^.g 
alkoxy-carbonyl, Cg_ 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy-carbonyl, a 
(5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, 
sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl -carbamoyl, di-C^ a Iky I -carbamoyl, C 6 . 14 aryl-carbamoyl, (5- 
or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms)-carbamoyl, C y _ 6 alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^ 6 alkoxy-thiocarbonyl, 
C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, Cg_ 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur 
and oxygen atoms)-thiocarbonyl, thio carbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 
aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) se- 
lected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, 
C 6 . 14 arylsulfamoyl, C,. 6 alkylsulfonyl, Cg_ 14 arylsulfonyl, Cj.g alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^.g 
alkoxysulfinyl, C 6 . 14 aryloxysulfinyl, C^g alkoxysulfonyl and C 6 . 14 aryloxysulfonyl, which may have 1 to 5 substit- 
uent^) selected from Substituent Group B described above); 
R 5 is any of the following (i) to (iv): 

(i) a C^g alkyl group, C^g cycloalkyl group, C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 
substituent(s) selected from Substituent Group B described above, 

(ii) an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, C^g 
alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy-carbonyl, 
(5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitro- 
gen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl-carbamoyl, C 6 . 14 aryl-car- 
bamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms)-carbamoyl, C,_ 6 alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C,_ 6 
alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 aryloxy-thiocarbonyl, C 7 . 16 ar- 
alkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C-j.g alkyl-thiocar- 
bamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in ad- 
dition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, 
mono-C^g alkylsulfamoyl, di-C^g alkylsulfamoyl, C 6 _ 14 arylsulfamoyl, C^g alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g 
alkylsulfinyl, C 6 . 14 arylsulfinyl, sulfino, sulfo, C^g alkoxysulfinyl, C 6 . 14 aryl-oxysulfinyl. C^g alkoxysulfonyl and 
C 6 . 14 aryloxysulfonyl, which may have 1 to 5 substituent(s) selected from Substituent Group B described 
above, 

(iii) a 5- to 14-membered heterocyclic ring containing 1 to 4 heteroatom(s) selected from nitrogen, sulfur and 
oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) selected from Substituent 
Group B described above, 

(iv) a halogen atom; 

each of R 6a , R 7a , R 8a and R 9a is (i) a hydrogen atom or (ii) a C^g alkyl group, C^g cycloalkyl group, 
C 6 . 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substituent Group 
B described above, 

X a is (i) a bond, (ii) an oxygen atom, (iii) an optionally oxidized sulfur atom, (iv) a nitrogen atom which 
may have a C^g alkyl group, C 2 . 6 alkenyl group, C 2 . 6 alkynyl group, C 3 . 6 cycloalkyl group, C^g cycloalkenyl 
group, Cg^ 14 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substituent 
Group B described above, 

(v) a nitrogen atom having an acyl group selected from formyl, carboxy, carbamoyl, C V6 alkyl-carbonyl, C 3 . 6 
cycloalkyl-carbonyl, C^g alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, Cg_ 14 aryloxy carbonyl, 
C 7 . 16 aralkyloxy-carbonyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heter- 
oatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbonyl, mono-C^g alkyl-carbamoyl, di-C^g alkyl- 
carbamoyl, C 6 . 14 aryl-carbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 
heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C^g cy- 
cloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, C 6 . 14 ary- 
loxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 6-membered heterocycle having, in addition to carbon 
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atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms)-thiocarbonyl, thiocarbamoyl, 
mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 aryl-thiocarbamoyl, (5- or 6-membered het- 
erocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen 
atoms)-thiocarbamoyl, mono-C^g alkylsulfamoyl, di-C 1 . 6 alkylsulfamoyl, Cg_ 14 arylsulfamoyl, C 1 _ 6 alkylsulfo- 
5 n y'. c 6-u arylsulfonyl, C^. 6 alkylsulfinyl, Cg_ 14 arylsulfinyl, sulfino, sulfo, C^ 6 alkoxysulfinyl, C 6 . 14 aryloxysulfi- 

nyl, C^e alkoxysulfonyl and Cg_ 14 aryloxysulfonyl, which may have 1 to 5 substituent(s) selected from Substit- 
uent Group B described above, or, 

(vi) a nitrogen atom having a 5- to 14-membered heterocyclic group containing 1 to 4 heteroatom(s) selected 
from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may contain 1 to 5 substituent(s) 
10 selected from Substituent Group B described above; 

Z is (i) a group represented by Formula: -OZ a 
(Z a is <1> a hydrogen atom, 

<2> a C^g alkyl group, C 2 .g alkenyl group, C 2 .g alkynyl group, C^g cycloalkyl group, C 3 . 6 cycloalkenyl group, C 6 . 14 
15 aryl group or C 7 . 16 aralkyl group which may have 1 to 5 substituent(s) selected from Substituent Group B described 

above, or, 

<3> an acyl group selected from formyl, carboxy, carbamoyl, C^g alkyl-carbonyl, C 3 . 6 cycloalkyl-carbonyl, C,. 6 
alkoxy-carbonyl, C 6 . 14 aryl-carbonyl, C 7 . 16 aralkyl-carbonyl, C 6 . 14 aryloxy-carbonyl, C 7 . 16 aralkyloxy-carbonyl, (5- 
or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur 

20 and oxygen atoms)-carbonyl, mono-Cj.g alkyl-carbamoyl, di-C^ alkyl carbamoyl, Cg_ 14 aryl-carbamoyl, (5- or 

6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heterdatom(s) selected from nitrogen, sulfur 
and oxygen atoms)-carbamoyl, C^g alkyl-thiocarbonyl, C 3 . 6 cycloalkyl-thiocarbonyl, C^g alkoxy-thiocarbonyl, 
C 6 . 14 aryl-thiocarbonyl, C 7 . 16 aralkyl-thiocarbonyl, Cg_ 14 aryloxy-thiocarbonyl, C 7 . 16 aralkyloxy-thiocarbonyl, (5- or 
6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) selected from nitrogen, sulfur 

25 and oxygen atoms)-thiocarbonyl, thiocarbamoyl, mono-C^g alkyl-thiocarbamoyl, di-C^g alkyl-thiocarbamoyl, C 6 . 14 

aryl-thiocarbamoyl, (5- or 6-membered heterocycle having, in addition to carbon atoms, 1 to 3 heteroatom(s) se- 
lected from nitrogen, sulfur and oxygen atoms)-thiocarbamoyl, mono-C-,. 6 alkylsulfamoyl, di-C^g alkylsulfamoyl, 
C 6 . 14 arylsulfamoyl, C^g alkylsulfonyl, Cg_ 14 arylsulfonyl, C^g alkylsulfinyl, Cg. 14 arylsulfinyl, sulfino, sulfo, C^g 
alkoxysulfinyl, C 6 . 14 aryloxysulfinyl; C^g alkoxysulfonyl and Cg_ 14 aryloxysulfonyl, which may have 1 to 5 substit- 

30 uent(s) selected from Substituent Group A described above) or (ii) a halogen atom group. 

61. The compound according to Claim 59, wherein each of R 23 and R 3a is (1) a C^g alkyl group which may be sub- 
stituted by <1> a halogen atom, <2> a hydroxy group which may be substituted by a substituent selected from a 
C^g alkyl, C^g alkyl-carbonyl, C^g alkylsulfonyl and C 7 . 16 aralkyl, <3> an amino group which may be substituted 

35 by 1 or 2 C^g alkyl, C^g alkyl-carbonyl and C 6 . 14 aryl-carbonyl, <4> a 4- to 10-membered heterocyclic group 

containing 1 to 3 heteroatom(s) selected from nitrogen, oxygen and sulfur atoms in addition to carbon atoms, <5> 
a thio group which may be substituted by C^g alkyl, <6> a C^g alkyl-sulfinyl group or <7> a C^g alkyl-sulfonyl 
group or (2) a C-j.g alkoxy-carbonyl group, 

R 43 is (i) a hydrogen atom, (ii) a C^g alkyl group [this C^g alkyl group may have a substituent selected from 
(1) a halogen atom, (2) a C^g alkoxy group, (3) a hydroxy group, (4) an amino group, (5) a mono-C^g alkylamino 
group, (6) a di-C,. 6 alkylamino group, (7) a 4- to 10-membered heterocyclic group containing 1 to 3 heteroatom 
(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms which may have an oxo, (8) a 
C 6 . 14 arylthio, (9) an ureido, (10) a carboxy, (11) a carbamoyl, (12) aC^g alkoxy-carbonyl, (13) a mono-C^g alkyl- 
carbamoyl, (14) a formylamino and (15) a C^g alkyl-carboxamidol or (iii) a formyl group; 

45 X a is a bond, oxygen atom, optionally oxidized sulfur atom, -NH- or -N(methyl)-, 

R 53 is, 

when X a is a bond, then (i) a C^g alkyl group or (ii) a halogen atom, 

when X a is an oxygen atom, then (i) a C^g alkyl group [this alkyl group may have a substituent selected 
from (1 ) a halogen atom, (2) a hydroxy group, (3) an amino group, (4) a carboxy, (5) a carbamoyl, (6) a C^g alkoxy- 

50 carbonyl, (7) a mono-C^g alkyl-carbamoyl, (8) a di-C^ alkyl-carbamoyl, (9) a 4- to 10-membered heterocyclic 

group containing 1 to 3 heteroatom(s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms], 
(ii) a C 3 . 6 cycloalkyl group, (iii) a C 7 . 16 aralkyl group, (iv) a C^g alkyl-carbonyl group, (v) a C 6 . 14 aryl-carbonyl 
group, (vi) a C^g alkoxy-carbonyl group, (vii) a mono- or di-C^g alkyl-thiocarbamoyl group, (viii) an optionally 
halogenated C^g alkyl-sulfonyl group or (ix) a 4- to 10-membered heterocyclic group containing 1 to 4 heteroatom 

55 (s) selected from nitrogen, sulfur and oxygen atoms in addition to carbon atoms [this heterocyclic group may have 

a Cg. 14 aryl], 

when X a is an optionally oxidized sulfur, then (i) a C v6 alkyl group or (ii) a mono- or di-C^g alkyl-carbamoyl 
group, 



321 



EP 1 270 577 A1 



when X a is -NH- or -N(methyl)-, then (i) a C^. 6 alkyl group [this C^ alkyl group may have a C-|. 6 alkoxy- 
carbonyl], (ii) formyl, (iii) a C^. 6 alkyl-carbonyl group, (iv) a C^ 6 alkoxy-carbonyl group, (v) a carbamoyl group, (vi) 
a mono- or di-C^e alky I -carbamoyl group or (vii) a C V6 alkyl-sulfonyl group, 

each of R 63 , R 7a , R 8a and R 9a is a hydrogen atom or C^. s alkyl group, 
5 2 is (i) a hydroxy group which may be substituted by a C^g alkyl-carbonyl or (ii) a halogen atom. 

62. A use of the compound according to Claim 59 or a salt thereof for producing the compound according to Claim 2 
or a salt thereof. 
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